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The investigation reported here was undertaken as part of a broad 
program of studies on variation in penicillin-producing molds (Stauffer 
& Backus 1954, Backus & Stauffer 1955). In general support of the work 
on strain development, which has constituted the core of that research 
project, and also in order to have a basis for attempting an interpretation 
of the remarkable ‘‘population pattern phenomenon’’ which was dis- 
covered in connection with certain mutant strains, it was deemed im- 
portant to ascertain the nuclear situation in mycelium and reproductive 
structures in some of the mold stocks concerned. 

Until a few years ago mycologists had given surprisingly little atten- 
tion to cytological features in Penicillium. Giegen (1899) and Strasburger 
(1902) carried out pioneer studies, but the identity of the species with 
which they were dealing is not known. Dangeard (1907) did the first 
thorough cytological work on any member of this genus, studying in con- 
siderable detail his own interesting ascocarpic species, P. vermiculatum 
Dang., and a non-ascocarpie form which he designated as ‘‘P. crustacewm 
Link’’. In the same year Schiirhoff (1907) added a few bits of informa- 
tion when he described mitosis in ‘‘P. crustaceum Fries’’—whatever 
species that may have represented. Except for Thom’s (1914) semi-cyto- 
logical account of spore formation, no further contribution of significance 
seems to have been made until Baker (1944) reported her studies on P. 
notatum Westling. 

Baker’s paper was the first of several which have given information 
concerning nuclear patterns in members of the Penicillium chrysogenum 
series; furthermore, it inaugurated a new period of research activity in 
relation to the cytology of Penicilliwm, which, especially during the last 
few years, has been accompanied by a vigorous program of genetical 
studies. Other reports covering cytological details in either P. notatum or 
P. chrysogenum have been published by Pontecorvo and Gemmell (1944), 
Pontecorvo (1946), Tonolo and Urbani (1952, 1953) and Ishijima (1952 
During this same period cytological investigations have been conducted on 
P. cyclopeum Westling (Jinks 1952b, Rees & Jinks 1952) and the citrus 
fruit-rotting Penicillia, P. italicum Wehmer and P. digitatum Sace. (Or- 
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purt 1950). In addition, Jinks (1952a) has determined the nuclear con- 
dition of the conidia in sixteen unidentified members of the ‘‘ Asymme- 
triea’’ section of the genus. As yet, however, there has been no cytological 
study of a broad representation of species of Penicillium, comparable to 
that which Yuill (1950) has completed in the case of Aspergillus. 
Preliminary cytological observations on penicillin-producing molds 
were made in this laboratory as early as 1944, when the nuclear condition 
of conidia in various strains of P. notatum was investigated and cytologi- 
cal changes in mycelial pellets developed in agitated liquid cultures were 
followed. The present more comprehensive study has been concerned solely 
with P. chrysogenum—especially strain NRRL 1951, the wild-type isolate 
which was ancestral to the entire ‘‘ Wisconsin Family’’ of P. chrysogenum 
variants (Stauffer & Backus 1954, Backus & Stauffer 1955), and strain 
Wis. Q176, one of the most widely known members of this ‘‘Family’’. 
Strain NRRL 1951 is regarded by Raper and Thom (1949) as a very 
typical representative of the species. This well-known isolate is considered 
in detail in papers by Raper (1946, 1952) and Raper and Alexander 
1945). The manner in which strain Wis. Q176 originated, also its ecul- 
tural characteristics and fermentation behavior, have been described by 
Stauffer and Backus (1954), Backus and Stauffer (1955), Raper (1952), 
Peterson (1946-47), and others. The Wisconsin variant in question at- 
tracted wide attention when first it was secured because it produced sub- 
stantially more penicillin than any other strain known at that time. Yields 
of the antibiotic from this strain in submerged culture are roughly eight 
to ten times as large as those obtainable from the wild-type ancestor, 





NRRL 1951. On agar the mycelium of this variant grows more slowly 
than that of NRRL 1951; penicilli tend to be more irregular; spore pro- 
duction is appreciably reduced. Furthermore, strain Wis. Q176 is far less 
stable culturally. As has been explained elsewhere (Stauffer and Backus 
1954, Backus and Stauffer 1955), a population grown from conidia of Q176 | 
taken at random consists usually of five types of colonies appearing in a | 


rather definite ratio. These have been designated as U-, D-, C-, B-, and | 
A-types. From the U-type through the B-type there is progressive reduc- 
tion in colony size and amount of sporulation. The A-type colony produces | 
no conidia at all. This situation is one of the features of the ‘* population 
pattern phenomenon’’ as exhibited in this particular variant. The cyto- 
logical studies conducted have included a consideration of all of these ( 
colony types in strain Q176. Two other strains of P. chrysogenum which f 
were also examined in the present study, NRRL 1951.B25 and X-1612, ( 
are well known to penicillin workers as early improved strains. Both are I 
descendants of strain NRRL 1951 and both are fully described in the ' 


literature (Raper 1946, 1952; Raper and Thom 1949; Backus and Stauffer 
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1955). Variant X-1612 was the immediate ancestor of strain Wis. Q176 
(Stauffer and Backus 1954, Backus and Stauffer 1955). 

Methods. Colonies were grown in petri dishes on honey-peptone agar, 
following the cultural procedures described by Backus and Stauffer 
(1955). Colonies of various ages were fixed by pouring a formol-acetic- 
alcohol mixture* (FAA) directly into the culture dish. Later, blocks of 
agar including entire colonies or portions of colonies were cut out and 
transferred to vials of the same killing solution. After washing in 50% 
alcohol, the material was dehydrated by use of a tertiary butyl alcohol 
series and embedded in paraffin. Vertical sections mostly ten microns thick 
were cut on a rotary microtome, stained with Heidenhain’s iron alum- 
haematoxylin, and mounted in Canada balsam. Erythrosin (1% erythrosin 
B in 95% ethyl alcohol) was occasionally employed as a counterstain. 

To compare the number of nuclei in conidia of the four selected stains 
of P. chrysogenum, material for microscopic study was prepared as 
follows: Honey-peptone agar slants were inoculated from soil preparations 
(Backus and Stauffer 1955) and the cultures incubated at 24-25° C. At 
the end of seven days FAA was poured into each tube. By shaking or 
stirring, the spores were brought into suspension in the liquid, small drops 
of which were then removed with a transfer loop and spread over slides 
lightly smeared with Haupt’s gelatine adhesive. The formaldehyde in the 
fixative reacted with the gelatine, causing the spores to adhere tenaciously. 
After these slides had been dried and washed, they were stained for 17 
hours in hemalum. Destaining was not necessary. 

Germinating spores for cytological study were obtained by two meth- 
ods. The first involved the following: A water suspension of conidia was 
made up over a fresh agar slant culture and diluted. A small quantity of 
the diluted suspension was poured over the surface of 3% honey-peptone 
agar in several petri dishes and the latter then placed in a 24—-25° C. in- 
cubator. At appropriate intervals thereafter FAA was introduced into 
the dishes. A loop was used to stir up the spores or sporelings and to trans- 
fer them to slides previously prepared with Haupt’s adhesive. In the 
second method, 1 ml. of a heavy conidial suspension was employed to 
inoculate a 500 ml. Erlenmeyer flask containing 100 ml. of corn steep- 
lactose medium (Backus and Stauffer 1955), after which the flask was 
put on a reciprocating shaker in a fermentation room thermostatically 
controlled at 24-25° C. (Backus and Stauffer 1955). At intervals, be- 
ginning six hours after the shake-flask cultures had been set up, a small 
quantity of the broth containing spores or sporelings was aseptically re- 
moved with a sampling pipette and added to FAA in a clean petri dish. 
The suspended fixed spores or sporelings could then be transferred to 





390 ec. 50% ethyl alcohol, 5 ec. glacial acetic acid, 5 ec. formalin. 
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slides prepared with Haupt’s adhesive. The germinating spores which had 
been fixed in this manner were successfully stained with Heidenhain’s 
haematoxylin, using a 4% iron-alum mordant. Sporelings were also fixed 
in Schaudinn’s solution and stained with basic fuchsin according to the 
method of De Lamater (1948). This latter technique yielded excellent 
preparations in a few cases, but results were not nearly so uniform or 
predictable as they were with the FAA-haematoxylin combination. 
Dormant conidia. Slides showing dormant conidia of strains NRRL 
1951, NRRL 1951.B25, X-1612, and Wis. Q176 were examined with an oil 


8 9 


Figs. 1-9. Penicillium chrysogenum strain Wis. Q176. Fies. 1-5. Conidia 9 hours 
after placement in germination medium. x 1550. Fies. 6 and 7. Sporelings 13 hours 
old. x 1550. Fies. 8 and 9. Retarded sporelings 24 hours old. x 1325. 


immersion lens and 15x oculars. Critical study of several hundred conidia 


of each strain failed to reveal more than a single nucleus in any spore. In 
strain Q176 and to a lesser extent in strain X-1612 considerable variation 
in spore size was encountered, but even spores substantially larger than 


average were found to be uninucleate. 
Spore germination. Germination of conidia was studied only in strain 
Q176. As has been explained above, both still and shaken cultures were 
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employed, but the germination process appeared to progress at approxi- 
mately the same rate and in the same manner in the two different situa- 
tions. 

During the first six to eight hours after spores had been placed in the 
media described there was a gradual swelling of the cell without obvious 
change in the nucleus. More marked activity was apparent soon after- 
wards. 

The germinating spores fixed at nine hours fell into a variety of cate- 
gories: (a) conidia conspicuously swollen but without germ tubes and still 
uninucleate; (b) no germ tube present but the spore containing two to 
five nuclei; (c) a young germ tube formed but the original nucleus un- 
divided and located in the old spore; (d) a germ tube present and two 
nuclei located in the spore; (e) a germ tube present with the original 
spore nucleus moving into this tube; (f) a germ tube formed, one nucleus 
in the tube and one to a few nuclei present in the old spore. Almost all 
germ tubes present were very short and inconspicuous. Various conidia 
at this incipient germination stage are illustrated in figures 1—5, 10, 11. 

After four more hours well developed germ tubes reaching a length 
of ten to twenty microns were present on most spores. The nuclear situa- 
tion continued to vary. A few cases were noted where there were only one 
nucleus in the germ tube and one in the old spore (fig. 6). More often 
several nuclei were present in each (fig. 7). 

By eighteen hours the sporelings had attained considerable size. The 
germ tubes were now quite long and many of them had begun to branch. 
For the most part the sporelings were still without septa, although an 
occasional cross-wall was seen to be present. Sporelings of this age usually 
contained many nuclei (figs. 12, 13), and these showed a strong tendency 
towards a uniseriate arrangement in the germ tube. Several nuclei were 
generally present in the old spore. 

The majority of the spores observed formed a single germ tube. How- 
ever, conidia with two tubes were occasionally seen. When two tubes were 
produced, they usually grew out from opposite sides of the conidium (fig. 
9); but apparently they did not necessarily develop simultaneously, for 
one of the pair often was considerably longer than the other. Since the 
young sporeling is a coenocyte and since some nuclei usually remain in 
the old spore body, it is readily understood how a second germ tube would 
be provided with nuclei, whenever it might form. 

Mycelium. No fundamental difference in the nuclear situation in the 
mycelium was found between the ancestral strain NRRL 1951 on the one 
hand and the variant strains NRRL 1951.B25 and X-1612 on the other. 
Likewise, no significant difference in nuclear pattern in vegetative hyphae 
was observed between NRRL 1951 and the U- and D-type colonies of strain 


Q176. 
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In all of the above-listed cases stained sections of colonies grown on 
agar revealed the mycelial cells to be typically plurinucleate. Nuclei were 
most numerous at the margin of the colony, where a dozen or more might 
be found in one hyphal segment. Elsewhere, in older parts of the myece- 
lium, the number of nuclei per cell varied considerably. The fewest nuclei 
were encountered in certain short hyphal segments within the agar; here 
the number occasionally fell as low as one or two. Especially in the U- and 
D-type colonies of strain Q176, but sometimes also in colonies of the other 
strains, certain cells in the mycelium become enlarged, forming more or 
less spherical or irregular-shaped structures. Some difficulty was en- 
countered in differentiating the nuclei in these modified cells. 

The nuclear situation in the vegetative hyphae of C-, B-, and A-type 
colonies of strain Q176 was not satisfactorily determined. As Campbell 
(1952) has pointed out, many irregularities are encountered in the mycelia 
of these forms. At the surface of the agar the hyphae are interwoven into 
a thick mat which often rises considerably above the substrate. In this 
surface growth and also in the assimilative hyphae down in the agar there 
are numerous cells which are overgrown and of unusual shapes. Some of 
them (termed ‘‘giant cells’? by Campbell) are much swollen globoid strue- 
tures over 100 » in diameter, and many have thickened walls. These ab- 
normalities are particularly abundant in A-type mycelia. In portions of 
hyphae which exhibited normal morphology, it was occasionally possible 
to ascertain that several nuclei were present in a given cell; but, on the 
whole, nuclei were poorly differentiated in all preparations involving these 
peculiar types of colonies. 

Conidiophores. The nuclear situation in the spore-bearing structures 
was first examined in the wild-type strain NRRL 1951. In microtome 
sections through colonies of this isolate the conidiophores were most ef- 
fectively studied in a narrow zone a short distance back from the advane- 
ing margin of the mycelium. 

The principal cytological features of the mature conidiophore are illus- 
trated in figures 20 and 21. As may be observed, the sterigmata are basi- 
cally uninucleate. However, these phialides are the seat of very active 
nuclear multiplication, as nuclei are provided for the long chains of 
spores formed rapidly at their tips. Following mitosis, a temporary binu- 
cleate condition obtains in the sterigma; but one of the daughter nuclei 
promptly migrates into the developing conidium, and when the cross- 
wall delimiting the spore has been completed, the mother cell is returned 
to its original monoenergid state. Some sterigmata with two nuclei are 
visible in figures 20 and 21. The metulae are usually uninucleate but may 
be binucleate occasionally. Rami are uninucleate or binucleate, with the 
former condition predominating. Cells of the main axis of the conidiophore 
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below the rami are usually bi- or tri-nucleate, although more than three 
nuclei may sometimes be present. 

Various stages in the development of the penicillus could be traced in 
the slides prepared from colonies of strain NRRL 1951. The following 
appears to represent the typical course of events. In the formation of the 
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Figs. 10-14. Penicillium chrysogenum strain Wis. Q176. Fie. 10. Uninucleate spore 
9 hours after placement in germination medium. x 3450. Fie. 11. Spores 9 hours after 
placement in germination medium. Germ tubes starting to emerge. x 3450. Fie. 12. 
Sporeling 18 hours old. x 1000. Fie. 13. Sporeling 18 hours old. x 1100. Fig. 14. 
Assimilative hypha from a U-type colony. x 1100. 
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sporiferous structures on one branch of a conidiophore, a septum is formed 
near the apex of the fertile hypha, cutting off a uninucleate ultimate cell 
which is destined to become a metula. At the apex of this cell there de- 





20 ae. 


Figs. 15-21. Penicillium chrysogenum strain NRRL 1951. Figs. 15-19. Stages im 
the development of the penicillus. x 1550. Fies. 20 and 21. Mature conidiophores with 
conidia. x 1550. 
velops a narrow extension (fig. 15). At the same time, from the upper 
part of the penultimate cell, which also appears to be uninucleate, a 
lateral protuberance grows out (fig. 15). The nuclei of both cells divide. 
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ed One of the two daughter nuclei in the ultimate cell migrates into the apical 
ell extension, which is destined to become the first sterigma (fig. 16). One of 
le- the two daughter nuclei in the penultimate cell migrates into the out- 
growth from this cell; that outgrowth then grows up parallel to the first 
metula and becomes the second metula as a cross-wall forms at its base. 
The process is repeated as additional sterigmata and metulae are formed 
in succession (figs. 17-19). This pattern of development suggests that the 
binucleate condition occasionally seen in metulae or ramus cells of a 
mature conidiophore may have resulted from one superfluous mitosis. 
Although the observations which were made on penicillus development 





Figs. 22-24. Penicillium chrysogenum strain Wis. Q176. Fic. 22. Portion of penicillus 
from a U-type colony, showing uninueleate sterigmata. x 3900. Fig. 23. Portion of a 
conidiophore from a U-type colony, showing uninucleate metulae and sterigmata. x 3400. 
Fig. 24. Portion of a econidiophore from a U-type colony, with one uninucleate spore 
in focus, x 3425. 


seem to establish certain points in regard to nuclear lineage, certain 
others are in need of further clarification. It was not possible, for instance, 
to determine whether the nucleus of the first metula and of the ‘‘ penulti- 
- mate cell’’ are sisters. Nor were the observations sufficiently exhaustive 
vith to exclude the possibility that more than one nucleus may sometimes be 
included in the penultimate cell at its inception. 
per Insofar as could be determined, the nuclear situation in the conidio- 
a phores of strains NRRL 1951.B25 and X-1612 corresponds completely 
with that encountered in the ancestral wild-type strain. Observations were 
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more difficult in the case of strain Q176. in the U- and D-type colonies, 
however, it was possible to ascertain the basic nuclear pattern. Uninucleate 
rami, metulae, and sterigmata were observed (figs. 22-24). A few phialides 
with two nuclei were also found. As has been stated, in strain Q176 there 
are many abnormal conidiophores, but wherever such were encountered 
in sections of U- and D-type colonies they did not exhibit any departure 
from the ordinary nuclear pattern. In C- and B-type colonies none of the 
sporiferous structures stained satisfactorily, despite the fact that the 
methods employed were exactly the same as those which yielded generally 
good results with all the other material. 

Discussion. Varying numbers of nuclei have been reported for mycelial 
cells in Penicillium. Dangeard (1907) found only uninucleate cells in P. 
vermiculatum. This was in sharp contrast to the situation which he en- 
countered in ‘‘P. crustaceum’’, where typically several nuclei were pres- 
ent in each hyphal segment. Among species studied since that time, P. 
cyclopeum, P. digitatum, P. italicum, and P. chrysogenum all show nu- 
clear patterns reminiscent of that deseribed for ‘‘P. crustaceum’’. On the 
other hand, the situation in P. notatwm, as described by Baker (1944) and 
confirmed by Pontecorvo and Gemmell (1944), suggests an approach to 
that in P. vermiculatum in that the cells of mature hyphae were found to 
be almost exclusively uninucleate. In submerged culture, however, accord- 
ing to Pontecorvo (1946), cells of P. notatum hyphae may have up to a 
dozen nuclei, and both Baker (1944) and Pontecorvo and Gemmell (1944) 
have indicated that plurinucleate cells are encountered in young growth. 
Early workers like Dangeard did not consider, or at least did not suffi- 
ciently stress, the differences that may exist in different portions of a 
mycelium; but it is now apparent that segments of young hyphae very 
commonly have more nuclei than do older cells. The writers found this 
to be the case in the colonies of P. chrysogenum which they examined, and 
it has been reported in other recent cytological studies on Penicillium. 
In P. cyclopeum, for example (Rees and Jinks 1952), mature mycelial 
cells are said to have only one to three nuclei, whereas fifteen or more 
nuclei were observed in hyphal tip cells. Ishijima (1952), investigating 
a pigmentless derivative of P. chrysogenum strain Wis. Q176 which had 
been obtained in a Japanese laboratory, found one to ten nuclei per hyphal 
cell, the number varying with the growth phase and the portion of the 
mycelium. The maximum contrast is that which has been recorded in the 
ease of P. notatum. Of special interest in relation to the present study are 
the reports to Tonolo and Urbani (1952, 1953) on the development of P. 
chrysogenum strain Q176 in submerged culture. Some of the photomicro- 
graphs of sporelings published by Tonolo and Urbani seem to bear a close 
resemblance to those reproduced in the present communication. However, 
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these investigators state that ‘‘hyphae formed immediately after germina- 
tion of the conidia were usually found to contain one nucleus only,’’ while 
cells of hyphae of more advanced age were observed to contain two or 
three nuclei—rarely more. In the present investigation, it will be recalled, 
germ tube cells of this same strain generally were found to be richly pro- 
vided with nuclei, and all of the strains of P. chrysogenum examined 
showed relatively large numbers of nuclei at the advancing edge of 
colonies. Although the number of nuclei per cell was reduced in mature 
mycelium, even here it rarely fell as low as one or two; usually several 
nuclei were present. Thus the observations on mycelial structure made in 
this laboratory are not in full accord with those made by the Italian in- 
vestigators. There are even greater differences between the situation in P. 
chrysogenum, as reported here, and in P. notatum, as described by Baker 
or by Pontecorvo and Gemmell, although, a priori, one might expect that 
nuclear patterns in two such closely related species would be very similar. 
The reasons for these discrepancies remain to be disclosed. Possibly ecul- 
tural conditions may to some extent modify the cytological picture. 

One of the most interesting facts to emerge from the cytological studies 
thus far conducted on species of Penicillium is that, whatever the nuclear 
situation in the mycelium, conidia are almost invariably uninucleate. Ex- 
ceptions appear to be rare. Baker (1944) reported observing an occasional 
binucleate conidium in P. notatum, and Tonolo and Urbani (1952) state 
that, exceptionally, dormant conidia with two nuclei are found in P. chry- 
sogenum strain Q176. In the present study no binucleate dormant spores 
were seen. Considering the small dimensions of the objects involved and 
the difficulty encountered in obtaining sharp differentiation of the proto- 
plasmic constituents by staining, the possibility of misinterpreting some 
cytoplasmic structure or ergastic material as a second nucleus must be 
recognized. If, however, binucleate conidia do, in fact, exist, there are two 
ways in which the occurrence of such exceptional spores might be ac- 
counted for. Among the millions of spores present in an agar culture, some 
become detached and may fall into droplets of condensed moisture or 
come to rest on exposed agar or mycelium. While it is commonly assumed 
that the conidia in such a culture are all dormant, it is easily possible that 
a few actually find conditions which allow them to enter the first phases 
of germination, one feature of which may be division of the nucleus with- 
out any readily detectable outward change in the spore. A less likely 
possibility would be that, through some upset in the mechanisms operating 
in the sporiferous structure, a conidium occasionally receives two nuclei 
at the time of its formation. Orpurt (1950) has reported that in the citrus 
fruit-rotting Penicillia nuclei sometimes are ‘‘accumulated’’ in sterigmata, 
presumably as the result of nuclear division proceeding at a more rapid 
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pace than spore formation. In this situation an extra nucleus might slip 
into a developing spore. However, no such accumulation of nuclei in 
phialides has been observed in any member of the Penicillium chryso- 
genum series, and no binucleate spores were found in either of the citrus 
fruit-rotting species. Whether binucleate conidia do or do not occur is 
probably of little consequence, in any case, since the two nuclei would 
almost certainly be genetically alike. 

In studying germination of spores in P. chrysogenum strain Wis. Q176, 
Tonolo and Urbani (1952, 1953) noted that nuclear division generally 
precedes the formation of a germ tube. In their experiments the majority 
of the spores showed no external signs of germination eight hours after 
the conidia had been placed in contact with the culture medium in agi- 
tated flasks, yet three fourths of these outwardly unchanged spores were 
found to contain two or more nuclei. A few with as many as six nuclei 
were observed. As has been noted above, similar evidence of nuclear 
division in the spores of strain Q176 prior to germ tube emergence was 
encountered in the present study. It is also clear, however, that the first 
mitosis not infrequently is delayed until after the tube has pushed out. 
In P. notatum Baker (1944) reports simply that the nucleus divides as 
the germ tube is produced. 

In P. chrysogenum and in other species of Penicillium with a similar 
cytological organization, the cells of mycelia growing in nature must often 
be heterocaryotic. Since, however, in such species the number of nuclei 
per cell is generally progressively reduced in the development of the 
conidiophore and since phialides appear to be uninucleate at their in- 
ception, nuclei are inevitably sorted out in the sporulation process. There- 
fore, barring the formation of heterozygous diploid nuclei (Pontecorvo 
and Sermonti 1954, Sermonti 1954), each conidium should be genetically 
pure. The observations made here in regard to development of the peni- 
cillus indicate that the nuclei in all sterigmata on one metula trace their 
origin from a single nucleus which was isolated in that metula at the time 
of its delimitation. While it is not equally certain that the nuclei of all 
metulae on one ramus would necessarily be alike if the mycelium were 
heterocaryotic, from the manner in which development proceeds this too 
is a distinct possibility. The application of such cytological information 
in interpreting the results of certain experiments dealing with the popu- 
lation pattern phenomenon in P. chrysogenum will be considered in an- 
other communication. 

SUMMARY 


1. A wild-type isolate of Penicillium chrysogenum and three variant 
strains derived from this isolate were examined cytologically. 
2. Dormant conidia were found to be uniformly uninucleate. 
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3. Germination of conidia was studied only in the case of strain Wis. 
Q176. From observations made it is concluded that division of the spore 
nucleus may precede, accompany, or follow the emergence of a germ tube. 
Most sporelings eighteen hours old were still lacking in septa, and in such 
sporelings the germ tubes were richly provided with nuclei. 

4. In all colonies where satisfactory staining was obtained, mycelial 
cells were found to be typically plurinucleate; however, the number of 
nuclei varied considerably, being highest at the apex of growing hyphae. 

5 Sterigmata, metulae, and rami (?) appear to be basically uninu- 
eleate structures, although sterigmata with two nuclei are common on 
conidiophores actively forming spores. The binucleate condition in the 
sterigma results from nuclear division, and it is temporary, the original 
uninucleate state being restored when one of the daughter nuclei passes 
into a developing spore. Metulae and ramus cells with two nuclei occur 
occasionally in mature conidiophores, and an explanation for this de- 
parture from the basic nuclear pattern is suggested. Cells of the conidio- 
phore below the rami commonly have two, three, or more nuclei. 

6. The metulae on one ramus develop in sequence and the phialides 
on one metula also develop successively. As each new sporiferous element 
is formed, a mitotic division occurs, rendering the mother cell temporarily 
binucleate. 


‘ 


7. In two peculiar ‘‘colony types’’ in strain Wis. Q176 efforts to 


differentiate the nuclei in the spore-bearing structures were unsuccessful. 
DEPARTMENT OF BoTANY, UNIVERSITY OF WISCONSIN 
MapIson, WISCONSIN 
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COMMELINANTIA (COMMELINEAE): 
AN EVALUATION OF ITS GENERIC STATUS 


B. C. THARP 


This paper grew out of a re-study of Commelinantia anomale (Torr.) 
Tharp, occasioned by the discovery last spring (1955) of a previously 
overlooked and apparently important feature of its stamen morphology; 
namely, that the filaments of the three posterior stamens are united below 
(fig. 1) into a low, broad, common base about one-fifth the length of the 
free portions. Careful dissection of several flowers from herbarium sheets 
of C. pringlei revealed conclusively that its filaments are likewise basally 


Fig. 1. Sketch of Commelinantia anomala with pistil removed to show the union 
of the three posterior filaments to form a common base. (X about 2) 

Fig. 2. Anterior glabrous filament (with its subtending sepal); anterolateral, 
postero-lateral, and posterior filaments with characteristic pubescence. Drawings by 
Mrs. Elizabeth Sledge Henze. (X about 3) 


fused, thus emphasizing the significance of this feature and further allying 
C. pringlei with C. anomala. 

In this connection a re-examination of our local species of Commelina’ 
was also made and the two genera, based upon these studies, were again 
compared. The results, carefully checked in the literature cited below, 
seem to warrant a brief review of the generic status of Commelinantia. 

Dr. John Torrey (1859) described Tradescantia anomala. Clarke 
(1881) assigned it to Tinantia. In the course of a study of an abundance 


1No genus is more in need of a comprehensive study of living material than is 
Commelina. It is frequently impossible to identify material satisfactorily from manual 
keys and descriptions. It is also impossible to construct satisfactory keys from herb- 
arium sheets. Presumably, the material used in this study belongs to C. erecta and C. 
crispa (C. erecta var. crispa fide Fernald as treated in Ed. VIII of Gray’s Manual.) 
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of fresh material from the type locality, it became evident to me that T. 
anomala varied materially from descriptions of both Tradescantia and 
Tinantia, and I proposed (Tharp 1922) the genus Commelinantia to take 
care of patent discrepancies. My paper compared the features upon which 
[ relied to validate the new genus. 

Twenty years later, Woodson (1942) assigned (. anomala to Com- 
melina. He states (p. 145); ‘‘In separating genera, I usually have found 
that there are sufficient characters without employing some of the more 
difficult criteria of my eminent predecessors. . . . In short, my view is 
expressed in the key which follows. . . . In order to clarify my position 
the better, I have appended a few comments on the revised generic lines. 
.. . These changes are based only upon species with which I am familiar 
at present, and are not complete compilations. 

In Woodson’s key Commelina is separated from other genera in the 
subfamily Commelineae as follows: 

bb. Cymes solitary, enclosed by a conspicuous spatheaceous bract. 

ce. Fruits dehiscent, capsular; sterile stamens (when 
present) with cruciate anthers. 

(. anomala obviously is excluded from the bb. group by its perfectly 
flat spathe which does not in the least ‘‘enclose’”* the indeterminate scorpi- 
oid raceme bearing up to twenty or more flowers. 

The parenthetie observation ‘‘when present’’ must have been inserted 
in order to permit the inclusion of C. anomala and C. pringlei (Tharp 
1927) in Commelina, for | have been unable to find where any previous 
author had not stipulated three cruciate sterile anthers in defining Com- 


‘ 


melina. In other words, if the phrase ‘‘when present’’ were deleted, these 
two taxa—and these alone, so far as I can find—would be excluded by 
the Woodson key. He thus casts aside one of the outstanding characters 
(anything but ‘‘difficult,’’ even in pressed material) used by every single 


sé 


one of his ‘‘eminent predecessors’’ to delimit the genus Commelina. 
Concerning C. anomala, Woodson further says (loc. cit. p. 149), ‘*The 
interested reader should refer to Dr. Tharp’s full account of the reasons 
for regarding this species as a distinct genus. I do not think it necessary 
to answer his arguments in detail, for that would entail an extended dis- 
cussion of morphology with particular regard to the Asiatic species of 
Commelina beyond immediately profitable ends. The student of Com- 
melinaceae who reads this inadequate paragraph, however, may be suffi- 
ciently familiar already with the variable species of the Old World and 
with the perplexing variability of the whole family, for that matter, and 
probably will well understand the taxonomic confusion in the family 


2 Woodson may have been mislead by one of my photographic illustrations in 
which the subject had wilted slightly before the photograph was made, and thus in 
the illustration the spathe appears, in profile, to be slightly enfolding the raceme. 
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that would be caused by over-evaluation of such characters as bearding 


of the stamens, etc., ete.’’ 


In order to bring the contrasting features of Commelina, as represented 
by Texas material, and those of Commelinantia into sharp focus, I have 


TABLE 1. 


Commelina 


Branches: 
Spathe: 


intravaginal 

closely folded, enveloping both 
buds and fruits, only the fuga- 
cious open flower briefly ex- 
posed. 

Raceme: very short, entirely enfolded; 
few-flowered, its bracts minute 
or obsolete. 

Sepals: manifestly unequal. The two 
lateral larger, almost colorless, 
thin, and marginally united, 
never large enough to enclose 
the mature fruit. 

unequal, the  postero-lateral 
ones large, manifestly clawed, 
pure blue’, varying in inten- 
sity but with no trace of 
lavender; the anterior one 
smaller and blue like the others 
or minute, clawless, and white. 


of three forms; all filaments 
entirely glabrous and entirely 
distinct; the anterior one with 
an ornate curved-cruciform, 
bright yellow anther, polleni- 
ferous along the outer margin 
only; the antero-lateral ones 
with deeply sagittate pale blue 
fertile anthers on long distally 
recurved filaments; the postero- 
lateral and_ posterior ones 
closely (but not exactly) simi- 
lar, with (not always‘) sterile 
anthers. 


Petals: 


Stamens: 


three-locular, with 3 or 5 ovules, 
the ventral (usually indehis- 
cent) cavity with one ovule, the 
others with one (or sometimes 
two). 

plump, smooth, the one in the 
ventral cavity frequently ad- 
herent to the cavity wall. 


Comparison of indicated features of Commelina and Commelinantia. 


Commelinantia 


extravaginal 


entirely flat with only a clasping base; 
buds, flowers and fruits entirely and con- 
tinuously exposed from bud primordium 
to mature fruit. 

elongated, scorpiod, several- (up to 20-) 
flowered, its bracts manifest, peristent, 
green, broadly ovate. 

equal, green, entirely distinct, persisting 
and enclosing the mature fruit. 


unequal as in Commelina, but clawless, 
the anterior one minute and white (in C. 
anomala) or almost equaling the others 
and colored like them (in C. pringlei) ; 
manifestly lavender or rarely rose-pink 
(in C. anomala) or blue with a manifest 
lavender tinge (in C. pringlei). 

of four forms; the anterior one largest, 
its filament entirely glabrous and bearing 
an oblong anther fixed below the middle; 
the two antero-lateral ones slightly shorter, 
each with a fringe of long hairs below its 
middle and an oblong anther fixed near 
the center; the postero-lateral ones much 
smaller, each with a dense tuft of short 
hairs just below its tip, which bears a 
small but fertile oblong anther; the pos- 
terior one densely clothed from base to 
apex with longish hairs. All three of 
these last are confluent into a broad, short, 
common base some ¥% the height of the 
free portion. All anthers have parallel 
pollen saes. 

three-locular, uniformly with two super- 
posed ovules each, all locules dehiscent and 
potentially 2-seeded. 


oblong, roughened, the wall 
ridged about the embryostega. 


radially- 


’Ten African and Asian species reportedly colored yellow (Bruckner, loc. cit. 
p- 178), but apparently no species tinged with lavender or pink, 


#All generic descriptions specify 3 sterile anthers; 


but some Texas material 


produces a few grains of pollen marginally in all such anthers. 
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set them in opposing columns below, feature for feature. Characters of 
Commelina written in italies are so far as I can find, consistently at- 
tributed to that genus by all world-wide monographers of the Commeli- 
naceae. 

Whether ‘‘bearding of the stamens’’ has, in general, any significance 
may be, under some conditions, open to question; but when filaments are 
consistently glabrous in all species of Commelina; when moniliform pube- 
scence is so strikingly peculiar and so consistently uniform as that in 
Commelinantia; and when this is only one of several characters which 
combine to distinguish Commelinantia from Commelina, bearding of the 
stamens would seem to attain significance. 


It also seems significant that in his vague general allusion to the 
‘‘variable species of the Old World,’’ Woodson doesn’t cite a single in- 
stance in which variability includes ‘‘bearded stamens’’ in Commelina. 
Indeed, he cites not a single feature at variance with those classically 


used to characterize the genus Commelina, nor does he cite a single case 
in which any world-wide monographer has included in Commelina any 
species not having cruciform sterile anthers, and he totally ignores so 
distinctive a vegetative feature as branches breaking through the leaf 
sheaths, characteristic of Commelinantia. 

In the interim between 1922 and 1942, Tharp (1927) transferred 
Tradescantia pringlei S. Wats. to Commelinantia; Brucker (1930) in a 
world-wide monograph on the Commelinaceae retained the genus Com- 
melinantia with both species; and Hutchison (1934) did likewise. Both 
the latter presumably availed themselves of ample representative sheets of 
all available species. 

Mitra (1952) cites Brucker, Engler, Hooker, and Hutchinson in the 
biliography following his paper. He offers no criticism of their several 
(and concordant) treatments of the family, nor does he suggest any 
findings of his own materially at variance with theirs. 

Meantime, also, some little work has been published indicating that on 
a cytological basis’, Commelinantia appears to be readily distinct from 
both Commelina and Tinantia. Anderson and Sax (1936) and W. V. 
Brown (unpubl.) report the chromosome number of Commelinantia ano- 
mala as n=13. Only five species of Commelina have been examined 
(Darlington and Janaki-Ammal, 1945; Delay, 1950-51; Berger, LaF leur, 
and Witkus, 1952). These are C. benghalensis, 2n = 48, 68; C. coelestis, 
2n = 90; C. communis, 2n=90; C. hirtella, 2n = ca.58; and C. nudiflora, 
2n = 56. The pollen mother cell chromosomes of Commelinantia anomala 
are of medium size and form 13 clear bivalents at diakinesis and meta- 
phase; pollen mother cell chromosomes of Commelina are much more 


5 For the cytologic discussion, I am indebted to my colleague, Dr. B. L. Turner. 
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numerous and much smaller at metaphase (c.f. Anderson and Sax, figures 
14 and 17). The chromosomal picture in Tinantia fugaz is like that of 
Commelina according to Darlington (1929, p. 219); apparently Tinantia 
is cytologically more similar to Commelina than is Commelinantia. The 
genus Commelinantia clearly has a base chromosome number of z = 13; the 
base numbers of Commelina and Tinantia have not been established, but 
it appears unlikely from the counts assembled to date that the numbers are 
based on any simple series of «= 13. Though the cytological information 
is admittedly incomplete, the preliminary evidence points to the cytologic 
distinction of Commelinantia as a ‘‘good’’ genus. 


SUMMARY 


1. On the basis of all extant descriptions of Commelina; on the fact 
of the acceptance of the genus Commelinantia by the only two recent 
eminent workers to monograph the Commelinaceae on a_ world-wide 
scope; on a current re-examination and comparison of living material of 
both genera by myself; on the fact that the species anomala in question 
(and C. pringlet as well) is excluded from Commelina by the very key 
by which Dr. Woodson seeks to include it in that genus; and on the basis 
of strikingly dissimilar chromosome complements—on all of these bases, 
Commelinantia would appear to be a valid genus. 

Note. The known geographic range of C. anomala is from the flood 
plain of the Nueces River in Nueces County (doubtless brought down by 
flood waters from the Edwards Plateau) to the moist, shaded, limestone 
slopes of the Edwards Plateau in central Texas and similar slopes north- 
eastward to the vicinity of Dallas County. It is abundant in the vicinity 
of Austin, and we have cultivated it in sandy garden soil on The Univer- 
sity of Texas campus. I have never observed it to suffer from frostbite in 
this vicinity and am confident that it may be grown outside, at least as 
far north as the latitude of Dallas. 

I shall be glad to furnish both herbarium sheets and seeds to anyone 
interested in deciding for himself the taxonomic position of this very 
interesting plant. 

DEPARTMENT OF BOTANY 

Tue UNIVERSITY or TEXAS 
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STUDIES IN POTENTILLAE OF HIGH LATITUDES AND 
ALTITUDES. II. CENTRAL BAFFIN ISLAND POPULATIONS.* 


PIERRE DANSEREAU? AND Ericu E. STEINER 


In Central Baffin Island, five taxa of the genus Potentilla are reported 
(Polunin 1940): pulchella R. Br., hyparctica Malte, vahliana Lehm., 
nivea L. (or more likely chamissonis Hult.) and rubricaulis Lehm. The 
last four have been recognized by all students of the arctic flora to hy- 
bridize variously among themselves and to intergrade more or less in some 
parts of their ranges. P. crantzii Beck is also often involved in this com- 
plex. It is not easy to point to any one morphological character as typical 
of one of these units, which does not also occur in one or more of the 
others. In fact if one analyzes local populations instead of individual herb- 
arium sheets, the intergradation becomes quite obvious. The prevalence of 
apomixis tends to conserve a number of intermediates. 

Even herbarium collections, however, reveal the complexity of gene 
arrangement in the arctic cinquefoils, From a preliminary perusal of the 
large American herbaria from Greenland, Arctic Canada, and Alaska, it 
does not seem that the species now accepted by taxonomists always repre- 
sent the most frequent or most stable gene combinations among the many 
possible ones involving characters ascribed to the above-mentioned taxa. 
Compliance with the International Code of Botanical Nomenclature (Lan- 
jouw et al. 1952) allows taxonomists very little latitude in the reshuffling of 
these units and obliges them to name a taxon for a nomenclatural ‘‘type’’ 
which, in this ease, has little chance of coinciding with the ‘‘biological’’ 
type. This statement is not intended as criticism of the rules or of the 
taxonomists themselves. The rules are necessary, wise and practical, and 
we shall adhere to them closely. The excellent work of the many botanists 
who will be cited hereafter is also fully appreciated: they are not unaware 
of the issue of the biological vs. nomenclatural, to be sure, and we are 
much indebted to them for the sharpness of their observations and the 
thoroughness of their field work. But since we are attempting a fresh 
approach we must beg not to accept their categories a priori, and to 
describe our units under provisional names. 

It has seemed worthwhile, therefore, to consider the morphological 
variation and ecological status of the cinquefoils that inhabit a small 
arctic area and to subject them to cultivation and cytological analysis. 


1 Contribution No. 1005 from the Department of Botany of the University of 
Michigan, 
2 The senior author is now at the Institut Botanique, Université de Montréal. 
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The place in question is the head of Clyde Fiord (Baffin Island) at 
lat. 70° N, a more or less sheltered inland situation where some Low 
Arctic plants and vegetation are somewhat isolatgd in the High Aretic 
zone. A general account of the region has been given by Baird (1952). 
It was visited in 1950 by an expedition headed and organized by P. D. 
Baird, then director of the Montreal Office of the Arctic Institute of 
North America. The senior author was a member of this expedition and 
was able to make a comprehensive ecological study of the locality known 
as Camp B (see map in Baird 1952). 

Seeds of the Potentillae were collected in the summer of 1950 and sown 
at the University of Michigan Botanical Garden in early 1951. A large 
number of plants were thus obtained and it was possible to make chromo- 
some counts from root-tips. 

Acknowledgement is due to the National Research Council of Canada 
and to the Service de Biogéographie of the Province of Quebee for their 
support of the field work; to the Horace H. Rackham School of Graduate 
Studies of the University of Michigan for a grant in support of the green- 
house observations and to the following herbaria for loan of specimens: 
New York Botanical Garden (David D. Keck, curator), U. S. National 
Herbarium (A. C. Smith, curator), Gray Herbarium of Harvard Univer- 
sity (R. C. Rollins, curator). We are also much indebted to Professor 
H. H. Bartlett, then director of the University of Michigan Botanical 
Gardens and to his staff, for assistance in growing specimens. Prof. H. H. 
Bartlett, Prof. C. A. Arnold and Dr. Hubert Vogelmann provided us 
with living specimens from Great Bear Lake, Point Barrow and the Gaspé 
Peninsula. Mr. Marcel Raymond (Montreal Botanical Garden) examined 
all the herbarium material and gave us many valuable identifications 
and opinions. Extra cost of illustrations was paid in part by the Univer- 
sity of Montreal. 

Taxonomic units. In Table 1, Hultén’s (1946) key to the cinquefoils 


TABLE 1. A key to the Central Baffin cinquefoils, simplified from Hultén’s (1946, 
pp. 1009-1011), which also involves many other species. 








(exceptionally with one pair of supernumerary 


A. Basal leaves trifoliate 
leaflets). 
B. Leaflets tomentose or densely sericeous on the lower surface 


C. Petioles tomentose, lacking straight hairs nived. 
C. Petioles pilose with long straight, appressed or patent hairs, 
or puberulent and pilose with such hairs vahliana. 
B. Leaves hirsute on the lower surface hyparctica. 


A. Basal leaves pinnate or digitate. 
D. Leaves grayish green above, tomentose and silky-pubescent be- 
neath, leaflets toothed rubricaulis. 
D. Leaves silky-pubescent on both sides with 2-3 approximate pairs 
of leaflets . pulchella. 
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at of Alaska and the Yukon has been simplified so as to include only the 
W species we are concerned with here. We propose, at least provisionally, 
ic to aecept these units as a basis upon which to work out the relative posi- 
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Fig. 1. The habit of P. vahliana (drawn from specimen No. 5007090557). 


ilis. 


tions of the taxa. Therefore the names mentioned in the text will be sensu 
Hultén (1946). 


ella. 
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In fact, not too many specimens conform entirely to these descriptions 
in all respects and some characters overlap a good deal. It will be worth 
considering these individually before we can assess their degree of associ- 
ation in a particular taxon and their distribution in either a pure or a 
mixed population. 

Morphological key characters. Habit. The development, thickness, 
and ramification of the rootstock is as important as any leaf or flower 
feature and conceivably of as great adaptive significance. Two principal 
types can be distinguished here which we shall call ‘‘eylindriecal’’ and 
‘*eespitose’’ 

Figure 1 shows the cylindrical habit, (typical of P. vahliana), which 
is the result of comparatively few ramifications of the stem, whose yearly 
increment is generally terminal. The shortness of the internodes and the 
small quantity of yearly addition gives each stem an appearance of great 
homogeneity. The broad brown and reddish stipules of the leaves persist 
many years and sheath the stem in a tight ‘‘muff’’ of loose, scarious tissue. 
Also persistent are the bases of flowering stalks (dark brown, rigid 
stubble) not only of the preceding but of many past years. New growth is 
crowded at the tip of the branch. 

Figure 2 demonstrates the cespitose habit (typical of most other 
species, especially P. chamissonis shown here). The tendency to ramifica- 
tion is much greater, with the result that large offshoots end in broad, 
somewhat loose, rosettes. The marcescent stipules are still in evidence to 
some extent and sheath the upper parts of the stems immediately below 
the growing parts. 

Inflorescence. Typical vahliana has only one flower per inflorescence, 
as shown in figure 1. It is to be noted that this feature is even more con- 
stant in P. wniflora, which Hultén (1946) considers the montane equiva- 
lent of P. vahliana, and from which it is not always easily separated. It 
is very common, however, for individuals to produce both one- and two- 
flowered inflorescences. At another extreme, the P. nivea group commonly 


has many-flowered inflorescences in a broad, tall, loose raceme (fig. 2). 

Flowers themselves vary in colour and in size. Most of the arctic species 
have bright golden-yellow (or buttereup-yellow) petals. In some cases 
there is a conspicuous orange blotch at the base of the petal. This feature 
is probably more constant in P. crantzii (related to P. hyparctica) than 
in any other arctie species. In the locality now under study, however, 


‘ 


there is probably no ‘‘good’’ crantzii and the blotch is very common on 
vahliana. 

The size of the petals varies from about 7 mm. to about 30 mm. The 
largest flowers belong to the vahliana group, the smallest to the chamis- 
sonis group. In Greenland, Bécher (1938) recognized two forms of P. 


crantzii on the basis of petal size. Although the ranges, means and fre- 
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quencies are different, there is much variation in practically all arctic 
species. It must also be noted that in the earliest and latest part of the 
growing season, the inflorescence tends to be dwarfed (sometimes im- 


> 
4 


* 
E; 


Fig. 2. The habit of P. chamissonis (drawn from specimen No. 5007261171). 


mersed among the foliage) and the petals to be shorter. Those correlations 
were observed both in situ and in the greenhouse. It is remarkable that 
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Fig. 3. The leaf of P. vahliana (upper left, natural size). 


all our individuals in cultivation flowered at various times during the 
year and not only during the long-day summer period. 
Leaves. Figures 3, 4, 5 and 6 show three different types of leaves: the 


TABLE 2. The principal alternatives of morphological variation in Central Baffin 


Island cinquefoils. These alternatives are given a graphic equivalent in figure. 7. 


Organ Variation Symbol 





large: 7 and more mm. A 
small: less than 7 mm. B 
with orange blotch 

plain golden yellow D 


Petal 


Inflorescence 1-flowered 
1-2-flowered 
3- and more flowered 


Rootstock eylindrical (Fig. 1) 
cespitose (Fig 2) 


Leaves very large: 26 mm. and more 
large: 13-25 mm. 
small: 7-13 mm. 
tomentose 
subtomentose 
green 


AMBrAauO +e aes 
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small, compact vahliana leaf with its overlapping segments and dense, 
close, appressed pubescence; the larger, looser more sparsely pilose (and 
non-tomentose) hyparctica type; the very large, deeply-cut, tomentose 
chamissonis type with straight and spreading hairs on petiole and veins. 

Phenotypic patterns in natural populations. Table 2 lists the princi- 
pal alternatives in morphological variation of specifically diagnostic char- 
acters as outlined above. In various populations some 50 individuals were 
graded according to the above scale. It would seem that a pure vahliana 
would have the formula HKMEAC (or ACEHKM), whereas a pure 
chamissonis would be IQUGBD (or BDGIQL) and hyparctica would be 
IJNFBD (or BDFIJN). 

Figure 7 provides a means to assemble the characters listed in Table 2 
into graphic units. Thus in Figure 8, the three species mentioned above 
are cast according to this scheme. Such ‘‘pure’’ representatives of the 
three species in question are strikingly different. Actually vahliana has 
not a single alternative in common with the other two, whilst they, in 
turn, have three common alternatives (IBD). 

If we now turn to actual populations of Central Baffin Potentilla, it 
ean be expected that a grading with this grid will reveal the presence of 
some ‘‘typical’’ phenotypes and will convey some picture of the relative 
homogeneity of the population and of the origin of the influences that 
taint it. 

Figure 9 was drawn from observations of 45 plants growing in a 
homogeneous area, a Kobresia sward (our Station B23, which will be 
described presently), some 300 feet in diameter. An analysis of this popu- 
lation shows: 

1) 16 different morphological types 
2) 6 individuals with all 6 vahliana characters 
3) 10 other individuals with 5 vahliana characters 
4) 12 with 4 vahliana characters 
5) 28 (out of 45) individuals with 4 or more vahliana characters 
6) none without at least one vahliana character 
7) All vahliana characters present in a much higher proportion than 

their alternatives, except the single-flowered inflorescence (E) 

8) Very large leaves (Q) typical of chamissonis, and the simply 

green leaves (N) typical of hyparctica are absent. 

Figure 10 shows the distribution of phenotypes in 49 plants in an 
entirely different habitat, also homogeneous, a bouldery river flat, here- 
after referred to as the fleabane fell-field (our Station B16). This popula- 
tion has: 


1) 17 different morphological types 
2) 5 individuals with all 6 hyparctica characters 
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(upper left, natural size). 


The leaf of P. chamissonis 
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Fie. 
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Fic. 6. The habit and leaf characters that most strongly contrast in Central Baffin 
Potentillae and which are used in the key of Table 2 (which see for meaning of symbols). 
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Fie. 7. Graphic representation of symbols in Table 2 and figure 6. A large petal, 
B small petal, AC large petal with orange blotch, BD small plain golden-yellow petal, 
E inflorescence one-flowered, F inflorescence 1-2-flowered, G inflorescence 3- and more- 
flowered, H rootstock cylindrical (fig. 1), I rootstock cespitose (fig. 2), Q leaves very 
large (26 mm. and more), J leaves medium (13-25 mm.), K leaves small (7-13 mm.), 
KIL small tomentose leaf, KM small subtomentose leaf, KN small green leaf. 
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6 other individuals with 5 hyparctica characters 

10 more with 4 hyparctica characters 

21 (out of 49) with 4 or more hyparctica characters 

13 individuals without vahliana characters, and 6 with only one 
Chamissonis characters very well distributed, although no in- 
dividual with all six, 5 individuals with five, 3 with four, 9 with 
three 


HKMEAC 


VAHLIANA 


'QLGBD 


CHAMISSONIS 


'JNF BD 


HYPARCTICA 


Fig. 8. The system of Fig. 7 applied to three ‘‘typical’’ specimens of P. vahliana, 
P. chamissonis and P. hyparctica. 





thliana, 
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8) Chamissonis characters, 17 with three or more, and all with at 
least one 

9) Cylindrical rootstock typical of vahliana (H) lacking in the popu- 
lation as a whole 


In other populations, the distribution and assemblage of characters 
will probably be different. Indeed, our present purpose is to assess these 
population casts in relation to the plant communities or at least the 
habitats which aretic Potentillae occupy. This may eventually be extended 
to other geographical areas. Further analyses will be forthcoming, but 
the present picture of local populations will introduce the ecological and 
genetic problem. 

Ecological limitations. It is a striking feature of many arctic species 
that they manifest considerable ecological amplitude. In the region in 
question such a phenomenon is much in evidence. The various groups of 
Potentilla are no exception and the apparent facility with which new 
constellations of characters will form from place to place augurs a great 
facility of adjustment. 

In this respect, it is best to set apart P. pulchella, which seems some- 
what confined to coastlands, shores and low altitudes in general. The others 
show considerable amplitude’®. 

Fifty-seven collections have been made in the summer of 1950 in the 
area in question. The field identification by Pierre Dansereau has been 
checked on the dried specimens by Marcel Raymond (Montreal Botanical 
Garden) who follows Hultén’s concepts and who finds some rubricaulis in 
this material, a conclusion with which we do not concur, pending further 
examination. Altitudes have been sampled up to 1800 feet; clay domes, 
beaches, dunes, gravel screes, cliff ledges and other habitats all harbour 
one or more of the species of Potentilla. A thorough description of the 
area will be forthcoming at a later date, as well as study of some of the other 
collections. For the time being, and since this description will be followed 
by experimental considerations, only two habitats will be described, as 
most of the seed was collected in them, and since the above population 
study was made there. 

The Kobresia sward. The station known as B23 in our field studies 
was near the summit of a rounded gneiss ridge, which we had called 
Faleon Ridge East. This much-exposed dome is strewn, to its very top, 
by erratic boulders, some of very large size and some resting on the bare 
bedrock. However, the presence of these large stones and of smaller pebbles 
has served to intercept materials transported from the top down by 


3’ The question of climatic amplitude is not considered at this time, in spite of its 
eventual relevance to our purpose. It will be discussed in other contributions, together 
with the geographical distribution and historical migrations. 
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a ae 


HKMEAC HKMFAC 1JMEAC 1KMF AC 
(600) (510) (421) (421) 


af af 


HKMFBC HKLEBC HKMEBD \ HKMFBD 4 
(421) (412) (422) (33 2) 


af. 0/4 


HJLFACG 1JLEAC 1KMFBC 1KMFBO 
(321) (322) (332) (243) 


VANS 


'KMGBD (JLFAC iKLFBD 1JLEFBC 
(23 4) (232) (244) (143) 


Fic. 9. The Potentilla population of the Kobresia sward (Station B23). The 
meaning of the letter and graphic symbols is in figure 7. The number at the right of 
each formula states how many individuals in the population had this particular com- 
bination of morphological characters. The numbers in parentheses below the formula 
indicate how many characters typical of vahliana, hyparctica and chamissonis are 
present. Thus the upper left-hand corner symbols show 6 vahliana characters and none 
of either hyparctica or chamissonis; in the lower right-hand corner: 1 vahliana character, 
4 hyparctica characters and 3 chamissonis characters are present. 
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; Wawa 


IKMEAC 12 1 JMEAC 1QMGAG ' IKMEBC ! 
(S11) (421) (312) (422) 


; | aes 


a’ 


IKMFAC 4 1 JMFAG 1QLFAG ' 1 QmGBD ! 


(421) (331) (2 23) (03 5) 


; ew 


1JMGAC 1 JMFBCG 1JNGBC ! 1QNGBD “ 


(31 2) (242) (1 43) (045) 


i? 


! IJNEBC 1 JNFAD 1 JNEBOD 2 1QNFBD 3 
(142) (152) (153) (05 4) 
). The 
ight of 
ir com- 
Formula 
nis are 
1d none 
aracter, 
1 JNFBD 5 
(063) 


Fic. 10. The Potentilla population of the fleabane fell-field (Station B16) 
and numbers as in figure 9. 





. Symbols 
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Fie. 11. Station B23 on Faleon Ridge East, Camp B, Clyde, (Baffin Island). The 
Kobresia sward is much in evidence. 


weathering and erosion, and from practically all directions by the wind. 


The result is the formation of a soil more than 50 em. in depth at many 


Fie. 12. The edge of the Kobresia sward, showing bare rock on which windblown 
sand and silt accumulate. 
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places, and of a fairly fine texture. The vegetation itself has a consolidat- 
ing effect in spite of its sparseness. Figures 11 and 12 show the general 
aspect of this habitat. Figure 13 illustrates the detail of interaction of 
some of the members of the community, particularly the dominance of 
Kobresia myosuroides and the extraordinary persistence of its dead parts, 
also the rather abundant growth upon them of epiphytic lichens. 

These graminoid islands tend to consolidate although they never 
actually form a continuous carpet (as one might be tempted to think by 
looking at figure 11). Actually, the sward is full of holes, some of them 
exposing the bedrock, others raw gravel. Moreover, it gradually advances 
over the bare areas (fig. 12). It is on this pioneer fringe and in the ‘‘holes’’ 
that most Potentillae are found. 


"e's 
= 
eo PPers - 


- 
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Fic. 13. Details of the structure of vegetation in the Kobresia sward (Station B23). 


The fleabane fell-field. Extensive flat areas strewn with boulders look 
very homogeneous from a distance (fig. 14). At closer range, different 
habitats can be distinguished. Our station B16, situated on a former river 
bed now some 10-15 feet above the water level (fig. 15), consists of 
boulders of all sizes embedded in gravel and coarse sand. Here again the 
effect of the wind is not negligible, but the fluctuations of water level are 
more important. The deposition by wind of finer particles does not play 
a leading role (as in the other habitat); on the contrary its abrading is 
much the more important. The larger boulders, however, offer some pro- 
tection and small islands of vegetation get started in their lee and spread 
out onto the coarse, dry sand. A few sheltered depressions are immediately 
seen because of their denser vegetation. 

It is not in these that Potentilla species prosper, but again in the more 
pioneer situations, such as the edge of the terrace (figs. 15 and 16). 
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Fig. 14. A general view of the Clyde River bouldery flats above Camp B (Station 
B16). 

Chromosome numbers. Since the populations of Potentilla in this area 
(and indeed in the Arctic in general) prove so variable and since they 
are thought to hybridize one the one hand, and to conserve new combina- 
tions by apomixis on the other hand, it was found worthwhile to obtain 
chromosome counts. 


Fic. 15. A closer view of Potentilla hyparctica plants growing on the bouldery flats. 
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Material was grown from seed of individual plants collected at B23 and 
B16 (outlined above). Also, a P. rubricaulis collected at Great Bear Lake 
(the type locality) was studied, a P. hyparctica from Pt. Barrow, Alaska 
and a P. nivea from Pereé (Gaspé Peninsula). All chromosome counts 
were made from root tips which were pre-treated with a saturated solu- 
tion of paradichlorobenzene for 114 to 2 hours prior to fixation in Carnoy’s 
solution (Meyer 1945). Smears using aceto-carmine did not give satis- 
factory staining, but by substituting aceto-orecin, excellent preparations 
were obtained. The pre-treatment contracted the chromosomes so that the 
staining was intensified and the over-lapping of chromosome ends was 
avoided; counts were thus made with little difficulty. 

Three infrageneric units (greges) are involved here, for each of which 
previous counts have been made (Dansereau 1955) : 

Multifidae, which includes P. pulchella with 28 chromosomes and other 

species with 14, 28 and 42. 

Niveae, which includes nivea with 56, 63 and 70; chamissonis with 56 and 

77, villosa with 42 and 49. 


Fic. 16. A transect showing the location of the fleabane fell-field (Station B16). 


Aureae, which includes hyparctica (often referred to as emarginata) with 
42, crantzii with 42 (or maybe 49?) and others with 14, 28, 42, 49, 56, 
63, 84. 


Table 3 lists all the counts obtained in the present study, and figure 
17 shows some of the mitotic plates. Four collections of P. vahliana from 
population B23, which are not identical morphologically, all exhibit 49 
chromosomes. Two collections of the same species from the B16 population 
show, however, 56 chromosomes. One collection of P. chamissonis as well 
as a collection of P. hyparctica possess 49 chromosomes. In B23, there are 
therefore 6 morphologically different plants, all growing in close proximity 
and all having the same chromosome number. 

In addition, the chromosome numbers of two collections from arctic 
localities other than Baffin are reported. One of these, a P. hyparctica from 
Pt. Barrow, Alaska, possesses 42 chromosomes. The other, P. rubricaulis, 
collected at the type locality for the species, Great Bear Lake, shows 56 
chromosomes. A P. nivea from Pereé (Gaspé Peninsula, Quebec) was also 
studied. But a good reading of chromosomes at this time has not yet been 
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possible. It seemed, however to be near 56. It could have been more, but 
was definitely not 49! This could be critical, as Bécher and Larsen report 
63 for nivea and 56 for chamissonis. 

Since the basic number in the genus Potentilla is seven (Love and 
Love 1948, Dansereau 1955), the forms showing 49 chromosomes must be 
heptaploids which arose through hybridization of two taxa, one with 56, 
the other with 42 chromosomes. Two of our collections showing 56 
chromosomes have been classified as possessing predominantly vahliana 
characters. Such forms may have served as one parent, while the other 
parent may have been a P. hyparctica with 42 chromosomes. Although 
P. hyparctica with 42 has not been found among living material in the 
Baffin collections, the P. hyparctica from Alaska possesses 42 chromosomes, 


TABLE 3. Chromosome numbers of Potentillae grown in the University of Michigan 
Botanical Garden. 


Field Identification Field Morphology 


of Parent Plant of Parent Plant Field Location = Fig. 1 
pulchella cesp. 2-fl. B23 28 e 
pulchella cesp. + 3-fl. B14 28 
vahliana ely. 1-2-fl. B23 49 a 
vahliana eyl. 1-2-fl. B23 49 
vahliana ely. 1-2-fl. B23 49 
vahliana? cesp. 1-2-f1. B23 49 € 
vahliana eyl. 1-2-fl. B16 56 d 
vahliana cesp. 1-2-fl. Near B16 56 
chamissonis cesp. 2-fl. B23 49 
hyparetica cesp. 2-3-fl. B23 49 g 
hyparetica cesp. ? Pt. Barrow, Alaska 42 f 
rubricaulis cesp. ? Great Bear Lake 56 b 


nivea esp. + 3-f1. Pereé (Gaspé) 56? 





and Flovik (1940) has reported 42 for this species in Spitzbergen. It seems 
logical to assume that P. hyparctica with 42 chromosomes also exists in 
these populations. The morphological analysis has shown that the number 
of ‘‘pure’’ hyparctica forms in these populations is limited; thus these 
could easily have been missed as a result of incomplete sampling. Further- 
more, the collection of P. hyparctica showing 49 chromosomes shows evi- 
denee of hybridity in its morpholugy. 

The collections of P. vahliana with 56 chromosomes occur only in the 
B16 population and not in B23. Since the two localities are ecologically 
distinct, it is possible that the 56 chromosome forms are better adapted 
to the conditions of the B16 plot, while the 49 chromosome forms are 
most successful in the B23 area. Certainly, the phenotypic analysis of the 
living plants of the B16 and B23 plots shows the composition of such 
populations to be considerably different, and it is not unlikely that the 
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Fic. 17. Mitotic figures from root-tips of Potentilla collections. a. P. vahliana 
ar 


(B23) (with cylindrical rootstock). b. P. rubricaulis (Great Bear Lake). ¢. P. vahliana? 
the (B23) (with cespitose rootstock). d. P. vahliana (B16). e. P. pulchella (B23). f. P. 
hyparctica (Pt. Barrow). g. P. hyparctica (B23). Magnification x 2000. 
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differences may also extend to chromosome numbers. It is, however, even 
more remarkable that the B23 population, in spite of its phenotypic am- 
plitude is apparently uniform in chromosome number. 

Further opportunities for hybridization in these populations may 
involve P. chamissonis. The one collection of this species shows 49 chro- 
mosomes, although it has been previously reported to have 77 (Léve & 
Love, 1948) and 56 (Boécher and Larsen 1950). Unless our plant is a P. 
nivea (56) hybridized with a P. hyparctica (42) to give the form with 49, 
which shows distinct evidence of hybridization in its morphological charac- 
ters. P. chamissonis may also hybridize with P. vahliana, although this 
could not be detected from the chromosome numbers since they both possess 
56 (at least in this one population). At all events two different greges 
(Niveae and Aureae) are involved in these complex populations! 

P. pulchella, which in every case has been found to possess 28 chromo- 
somes, apparently does not participate in this gene pool. This is confirmed 
by the very uniform phenotypes of this species which do net appear to 
possess characters of the other species, at least not in the particular 
populations discussed here, although one specimen was actually found 
which was definitely a chamissonis x pulchella hybrid (Dansereau No. 
5007180652). 

The widespread occurrence of forms with 49 chromosomes is also evi- 
dence for apomixis in these populations. Although it has not yet been 
possible to carry out experimental crosses nor to examine the meiotic 
divisions of these collections, apomictic phenomena are well known in 
this genus (Gentscheff & Gustafsson 1940) and it seems reasonable to 
infer that apomixis also occurs in the species under consideration here. 
Since forms with a chromosome number of 49 can be expected to show an 
irregular meiosis, their continued propagation must be achieved by some 
type of apomixis. The wide range of morphological types in these popula- 
tions presents a picture which includes extensive hybridization, producing 
particular gene combinations which are highly successful in specific 
ecological situations and which are perpetuated through apomixis. It is 
hoped that further work will reveal direct evidence concerning the exact 
nature of apomixis in these species. 

DEPARTMENT OF BoTANy, UNIVERSITY OF MICHIGAN 

ANN ARBOR, MICHIGAN 
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SPECTROPHOTOMETRIC STUDIES OF POLYPORUS 
CINNABARINUS AND POLYPORUS SANGUINEUS 


ALBERT ScHATZ, VIVIAN ScHatz, LIONEL M. ADELSON 
AND GILBERT S. TRELAWNY 


Among the basidiomycetes, P. sanguineus (L.) Fries and P. cinnabarinus 
(Jacq.) Fries are very closely related forms. When mature in summer and 
fall, the pileus and hymenium of both are typically orange-red. The two 
species occur commonly on dead wood of deciduous trees although P. cimna- 
barinus also (rarely) attacks coniferous trees. This same species appears 
to have a more northern distribution, as it is found more frequently than 
P. sanguineus in Ohio. Except for certain variations among which the gen- 
erally thinner pileus of the latter is usually noted, both forms are somewhat 
similar and intermediates are difficult to categorize (Lowe 1942, Overholts 
1953). Weir (1919) suggested that the two species may be identical. To our 
knowledge, no comparative studies have yet been made on the nature of the 
cinnabar colored pigment(s) which are so distinctive as to separate these 
two species from all other Polyporaceae. 

Objective. The present studies were motivated by the discovery in the 
fall of 1954 of an unusually abundant growth of what was unquestionably 
P. cinnabarinus on dead trees ‘*» a wooded area a few miles west of the 
Wanaque Reservoir, Passaic County, New Jersey. With no difficulty at all, 
fully 100 pounds (wet weight) of P. cinnabarinus could have been collected 
from several species of fallen trees. Within this area and closely surrounded 
by numerous specimens of P. cinnabarinus were half a dozen unmistakable 
pilei of P. sanguineus, all growing on the dead trunk of one fallen ironwood 
or hop hornbeam tree (Ostrya virginiana). Several additional dead iron- 
wood were located within the immediate area densely populated by P. cinna- 
barinus, but none of these supported red fungi although other Polyporaceae 
were growing on them. These circumstances provided a fortuitous opportun- 
ity to compare the pigment(s) in the fruiting bodies of P. cinnabarinus and 
P. saguineus when environmental conditions (e.g. light, temperature, mois- 
ture) were identical but where only chemical nature of the substrate varied. 

Method. Pilei were cut off close to the dead tree base and air dried at 
room temperature for four weeks. Separate samples of the two species were 
then homogenized, by means of a Waring blendor, in distilled water and 
independently in 95% ethanol. These two solvents were: employed in an 
effort to differentially extract closely related compounds some of which may 
be biochemical precursors of others. The slurries resulting from homogeniza- 
tion were filtered through paper, turbid filtrates being centrifuged for 
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several minutes at 13,000 R.P.M. The then clear solutions were diluted until 
they were sufficiently light in color, by visual observation, for comparative 
study in the range of 300-1000 my in the Beckman Model DU quartz spectro- 
photometer. The amounts of original fungus tissue per unit volume of sol- 
vent in the final solutions examined are shown in table 1. The usefulness of 
information obtained from spectrophotometric absorption analyses is well 
illustrated by the extensive application of this technique to investigations 
of higher plant constituents (Commoner & Zucker 1953). 

Observations. The results obtained with the two red Polyporaceae are 
presented in figure 1 where the absorption is given in terms of optical 
density units. These findings clearly show that the spectra of both P. cinna- 
barinus and P. sanguineus exhibit the same genera! qualitative pattern and 
that differences are primarily quantitative. The most significant variation 
is the peak at about 330 my obtained only with the aqueous extract of P. 
cinnabarinus. For the two fungi, the pigment dissolved in both water and 
ethanol as shown by the same maximum absorption around 450 my. In the 


TABLE 1. Concentration of fungus extracts examined spectrophotometrically. 


Grams of Fungus Tissue 
Equivalent Per 10.0 ml. of 


Fungus Solution Analyzed 





Distilled H,O 95 Per Cent C,H,OH 
Extract Extract 


Polyporus cinnabarinus 0.204 0.204 
Polyporus sanguineus 0.104 0.093 








case of P. sanguineus, water was a slightly more effective solvent. With the 
other polypore, the alcoholic extract was considerably more intensely pig- 
mented than the aqueous solution despite the fact that the former repre- 
sented about 10 per cent less dry tissue (table 1). It is possible, but as yet 
purely speculative, that the 330:mp peak of the aqueous extract from P. 
cinnabarinus may represent a precursor substance ordinarily transformed 
during maturation into the pigment characterized by absorption at 450 my. 
Or, the former may be a product of the latter. From 600 to 1000 my, all 
three sets of curves exhibit the shape generally observed for a variety of 
fungi (to be published). 


Discussion, Within recent years, spectrophotometric absorption curves 
characteristic of pure compounds have become widely employed as a means 
of identifying specific biological substances and enzymes which lend them- 
selves to this method of analysis. With but simple modification, the same 
procedure can find useful application for comparison of the chemical com- 
position of complex mixtures. Infrared spectrophotometry with extracts of 
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Fig. 1. Spectrophotometrie absorption curves obtained with extracts of Polyporus 
cinnabarinus and Polyporus sanguineus. 
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certain dermatophytic and other fungi (Cawley et al 1954, Simon & Hedrick 
1955) has already been reported. Our results indicate that similar spectro- 
photometric characterization by means of the more widely available instru- 
ment for measuring within the range of 300-600 my wavelengths may also be 
useful since many organic compounds have distinctive spectra in this band. 

The advantages of this method and the mycological areas which it opens 
up for exploration underscore the potentialities of spectrophotometry. For 
example, one can obtain a considerable amount of information about the 
nature and occurrence in fungi of certain compounds without the necessity 
of having to isolate them. But if still desired, purification, which may be 
arduous and time consuming especially with substances of unknown and 
complex composition, may be expedited by spectrophotometry. Studies with 
eanthaxanthin, a carotenoid present in Cantharellus cinnabarinus and 
Corynebacterium michiganense (Saperstein & Starr 1954), illustrate the 
value of this technique. It is also possible to investigate a multiplicity of 
constituents simultaneously. Compounds which appear the same color to 
the naked eye may show different absorption spectra or may consist of two 
or more components. Many substances that are closely related structurally 
may be easily distinguished spectrophotometrically. 

This method may enable one to map out the order in which different 
naturally occurring constituents appear and disappear during growth and 
maturation, and to correlate certain materials with sporulation, for example. 
Likewise, information may be obtained on the catabolic destruction and fate 
of compounds artificially introduced into fruiting bodies and on how these 
affect the normal pattern of metabolism. Testing for chemical varieties of 
fungi and studies on the influence of climate, substrate, and other factors 
on the chemical composition of fungi may be carried out. This approach can 
be particularly useful in the case of those fungi which do not grow satis- 
factorily in pure or even mixed culture under controlled laboratory condi- 
tions. 


SUMMARY 


1. The investigations that are here reported employed air dried pilei of 
the closely related, similarly colored, but morphologically distinct P. cinna- 
barinus and P. sanguineus. 


2. The specimens used matured simultaneously in the same locale under 
identical climatic conditions but on different dead tree substrates. Spectro- 
photometric absorption curves of aqueous and 95 per cent ethanolic extracts 
were compared over the range of 300-1000 my wavelengths in the Model DU 
Beckman spectrophotometer. 

3. The results revealed that the color of both fungi was very likely due 
to a single pigment constituting the same compound in each organism. 
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4. The usefulness and varied applications which spectrophotometrie 
analysis offers for mycological investigation are discussed. 
RESEARCH DEPARTMENT, NATIONAL AGRICULTURAL COLLEGE 
Farm ScuHoon P. O. 
Bucks County, PENNSYLVANIA 
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SOME ASPECTS OF EVOLUTION IN THE ISOGAMOUS, 
FILAMENTOUS CHLOROPHYCEAE AND THFIR 
RELATION TO THE CLASSIFICATION 
OF THE CHLOROPHYCEAE'’ 


H. S. Forest 


Many of the Chlorophyceae which have been included in the Chloro- 
sphaeraceae, Ulotrichaceae and Chaetophoraceae form a single natural 
group. While there are considerable differences in structure between its 
extremes, rather full gradation is present, and there is considerable evidence 
for the tracing of phylogenetic trends within the group. 

Nomenclature of the algae in consideration has emerged by gradual 
critical review and revision of the ‘‘Confervae,’’ and from the discovery of 
forms which approach the tetrasporine plant form. While the genus Con- 
ferva was employed by Linne (1753), it proved to be so heterogeneous 
during changing concepts of classification that the name has been finally 
dropped from nomenclature altogether. The Confervae at first simply in- 
cluded filamentous algae, and a number of other things that may have 
resembled them. The yellow-green members such as Tribonema were re- 
moved, and more precise genus determinations were drawn, such as those of 
Ulothriz, Chaetophora, ete. The Confervae then emerged, for example in 
the treatment by Hansgirg (1886), as the order Confervoideae (Nematophy- 
ceae). Hansgirg’s order concept is similar to that followed by Heering 
(1914) and Smith (1933 and 1950), under the name Ulotrichales. 

Hansgirg’s order Confervoideae included green algae which were fila- 
mentous, unbranched or branched with plate or ring chloroplasts, and 
reproduction by fragmentation, zoospores, akinetes, or oogametes. 

Within the order there were the sub-orders Isogameae and Oogameae. 
The isogamous families include the Chatophoraceae, as well as Ulvaceae, 
Cladophoraceae, and Trentepohliaceae. Finnally, the Chaetophoraceae was 
divided into two sub-families : a) the Ulotricheae, mostly unbranched, mostly 
uniseriate, and without setae; b) the Chaetophoreae, branched sparsely or 
richly and sometimes displaying prostrate-erect dimorphism. 

Having recognized the two sub-families, Hansgirg represented a median 
position between that of Borzi (1883), who did not separate the two within 
the family Ulotrichaceae, and Kuetzing, who is followed by most current 
writers in the recognition of separate families, or even separate orders 
(Berger 1954). The systems of Borzi and Hansgirg reflect the opinion that 


1 Contribution from the Botanical Laboratory. The University of Tennessee. N. 8S. 
No, 171. 
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the Chaetophoraceae and Ulotrichaceae are certainly more closely related 
to each other than to the other algae which have generally been included 
with them in an order. 

Evidence for the foundation of this evolutionary superstructure began 
to accumulate with the discovery of Chlorosphaera Chodat and Pleurastrum 
Chodat (1894), Pseudopleurococcus Snow (1899), Chlorosarcina Gerneck 
(1907), and Pseudodendroclonium Wille (1911). 

The relationship of these genera remains somewhat obscure. Chloro- 
sphaera had been considered close to Protococcus (Pleurococcus). Then 
Oltmans (1904) placed it as a link between the Ulotrichaceae and Protocoe- 
caceae. Chodat (1909) advocated its separation from the ‘‘ Protococeales,”’ 
and Wille (1911) included it with Chlorosarcina in the family Chlorosphaer- 
aceae, near the Tetrasporaceae, so that both families are found in the 
Tetrasporales of Lemmermann (1915). 


It remained for Vischer (1933) to review and study the above genera, 
and associate some of their member species with the Chaetophorales (Ulotri- 
chales, Confervoideae ). Although the Chlorosphaeraceae is left anomalously 
between the Volvocales and Chaetophorales (fig. 9, left) and the assignment 
of genera to the artificial mold of established classification has been avoided, 
Vischer’s writing remains the classic treatment of the transitional forms. 
He also touches on some of the distinctly filamentous genera such as Ulothriz, 


Caespitella, and Stigeoclonium, A basal portion has thus been added to the 
closely knit superstructure of filamentous forms. 

Vischer’s work will not be reviewed here in detail, except as examples 
are required to illustrate evolutionary trends. These trends will be followed 
to their apparent ultimate developments in the (generally) isogamous, 
filamentous green algae (fig. 9, right). The conclusions discussed here in 
respect to such trends are based on observations of the genera Ulothrixz (in 
sense of Kuetzing), Stigeoclonium, Caespitella, Chaetophora, and Drapar- 
naldia. Drawings and descriptions of other genera supplemented actual 
studies of these plants. 

Filament development. It is surprisingly difficult to define the beginning 
of a filamentous structure. The palmelloid (tetrasporine) unicells of Pseudo- 
dendrocloniopsis botryoides Vischer do not appear filamentous. Further- 
more, its zoospores are immotile, suggesting a trend toward the autospores 
of the Protococeales. However, small numbers of cells do associate in packets 
which are longer in one axis than the other (fig. 1). Plewrastrum paucicellu- 
lare Vischer differs only in that its cells become distinctly elongated 
in an axis perpendicular to that of cell division, and its zoospores are motile 
(fig. 2). Cell groups of both Pleurastrum and Pseudodendroclonium (fig. 
3) eonceivably suggest irregular branching. Irregular branching of short 
filaments becomes distinct enough in Pseudopleurococcus (fig. 4), although 
palmelloid groups and irregular packets of cells also develop. 
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Chiefly parenchymatous but somewhat branching forms of about this 
level of organization have been assigned to the Chaetophoraceae as the 
genera Entocladia Reinke and Protoderma Kitz. and Leptosira Borzi. 

The first definitely recognizable filaments, then, are composed of more or 


Fig. 1. Pseudodendrocloniopsis botryoides Visch. after Vischer. Fig. 2. Pleuwrastrum 
paucicellulare Visch. after Vischer. Fic. 3. Psuedodendroclonium basiliense var. Brandii 
Visch. after Vischer. Fic. 4. Pseudopleurococcus Printzii Visch. after Vischer. Fa. 5. 
Caespitella Pascheri Visch. (branching pattern). Fie. 6. Stigeocloniwm spp. (branching 
pattern). Fig. 7. Stigeoclonium spp. (unilateral, opposite, and dichotomous branching 
patterns). Fic. 8. Chloroplast evolution from a type similar to that in Pleurastrum: 
Left, to Ulothrix bacillaris (Naeg.) Forest; Right, to types of smaller Ulothria and of 


Stigeoclonium to: Upper, ring of large Ulothrix spp.—Lower, perforate cylinder of 
Draparnaldia spp. 
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less similar cells, and their branching is most irregular. Extension of fila- 
ments produces the plant form of Caespitella Vischer (fig. 5) and some of 
the smaller Stigeoclonium expressions (fig. 6). The amount of prostrate 
portion (parenchymatous rather than filamentous) varies, but it varies with- 
out distinct gaps between taxonomic categories, and the amount of branch- 
ing varies from profuse to unbranched. 

It is at this point that some have chosen to distinguish the branched and 
unbranched series with familial or ordinal rank: 


Series a—mostly unbranched, without prostrate portion, without setae. 
series b—branched, with prostrate and erect portions, with setae. 
None of these categories is entirely reliable. Ulothrix subtilis Kiitz. develops 


parenchymatous organization as well as filamentous, and Stigeoclonium spp. 
have been observed to grow directly from zoospores into filamentous plants. 
Setae (modified branches) are absent from unbranched plants, but are, in 
most cases, highly variable with environmental conditions. As regards 
branching, the ‘‘unbranched’’ genus Ulothrizx includes the branched marine 
species U. Dotyi Silva (1953) with a prostrate portion and branching only 
near the base, and U. laetevirens (Kiitz.) Col. A branched fresh water 
species U. mirabilis Kuetz. (Hansgirg’s amplification) has also been de- 
seribed. 

A critical examination of branching in the mostly unbranched series 
shows that it is of a rather primitive type, that is, irregular branching of 
similar filaments. Such branching is frequent in Caespitella and Stigeo- 
clonium of the branched series. Actually, the taper of filaments in the 
branched series is a somewhat more reliable character than branching it- 
self. Almost unbranched Stigeoclonium expressions can be found, and, since 
specimens of both Ulothrix subtilissima Rab. and U. tenerrima Kitz. have 
a pointed apical cell, they could be considered unbranched Stigeoclonium 
species. 

In both the unbranched and sparsely branched forms there is present 
an evolutionary trend toward distinct plant form. One expression of this 
trend is the development of a plant axis, so that ‘‘main’’ filaments can be 
distinguished from ‘‘side branches,’’ if any. The unbranched condition is 
interpreted here as a result of the complete suppression of branching. 

While the plants conventionally placed in the unbranched series attain 
no filament development beyond irregular branching and plant axis forma- 
tion, those of the branched series display further tendencies toward a dis- 
tinct plant form. In Stigeoclonium, which represents the trunk portion of 
confervaceous evolution, there is found not only irregular branching, but 
also the plant axis with unilateral branching or opposite branching, and 
dichotomous branching (fig. 7). The opposite-alternate (irregular, or un- 
ilateral) difference has been considered taxonomically critical (Hazen 
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1902), but no equivalent standing has been proposed for dichotomous 
branching. 

These branching types are distinct enough, but an examination of a 
few hundred specimens of Stigeoclonium has planted the firm doubt that 
any of them are constant under a variety of field conditions. Examination 
of numerous specimens also fails to support taxonomic dichotomies based 
on profusion of branching toward distal and proximal ends of plants 
(Heering 1914). It may be noted that size increase has generally accom- 
panied the distinct plant form tendencies. The smallest Stigeocloniums 
display irregular branching or no branching. 

The highest order of development in plant form is in the increased 
distinction between filaments (main, side, ultimate) of the same plant. 
Where the distinction begins is not easy to mark. Certainly Stigeoclonium 
lubricum (Dillw.) Kiitz. could be thought of as having some degree of dif- 
ferentiation. Hence the shifting of species between Stigeoclonium and 
Draparnaldia (Hassall 1845, Kiitzing 1849) is understandable. 

Distinction between filaments of a plant is not developed in Stigeo- 
clonium, as conventionally defined. However, some plant may be found 
with considerable lengths of sparse and dichotomously branched, long- 
celled filaments which terminate in profusely branched portions with 
shorter cells. When this plant form is firmly established, it is recognized 
as that of Chaetophora. By this reasoning, it is the form of C. incrassata 
(Huds.) Hazen which is nearest that of Stigeoclonium, whereas the globose 
forms are more derived. There exists, however, the alternative possibility 
of a dual derivation of Chaetophora, the globose forms coming from small 
dichotomously branching Stigeocloniums of limited filament length. 

It is in Drapernaldia that the culmination of plant form development 
is found. The smallest species of the genus, D. Macrocladia searcely can be 
said to exceed many Stigeoclonium specimens in filament differentiation, 
and it could even be considered to close the gap between the two genera. 
Ontogenetically, juvenile specimens of D. mutabilis (Roth) Bory are in- 
distinguishable from Stigeoclonium, and, phylogenetically, there is a well 
nigh unbroken succession from D. mutabilis f. infantilis (Agardh) (Forest 
in press) through the expressions which have long borne the names of D. 
plumosa (Vauch.) Agardh, D. acuta Kiitz., and D. glomerata (Vauch.) 
Agardh to D. mutabilis f. opposita (Lyngb.), Forest, in which there is not 
only a marked size difference between cells of main filaments and those of the 
side branchlet bundles, but also the axis of the branchlet bundles have been 
reduced so that the bundles are fan-like. About here the character of di- to 
polychomotomous branching becomes common in the branchlet bundles. 

Chloroplast structure. It is the ulotrichoid chloroplast which is com- 
mon to the plants of the confervacecus developmental sequence, as well as 
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some others (Coleochactaceae, certainly; Protococcaceae, perhaps) of the 
order Ulotrichales (Smith 1933). While the ulotrichoid chloroplast differs 
greatly in structure from one part of the sequence to another, derivation 
of one form from another can be followed without difficulty. 

Hence there is weight in favor of regarding all plants with such chloro- 
plasts as members of a common order and considerable suspicion azainst 
the inclusion of plants with chloroplast forms which cannot be derived 
from the basic ulotrichoid form. 

The basic ulotrichoid form is a parietal plate, with or without visible 
pyrenoids of indefinite arrangement. That of Chlorosphaera is cup-like, 
reminiscent of Chlamydomonas and Tetraspora. Pleurastrum develops flat- 
ter plates, slightly folded, in its elongated cells, and more cup-like ones in 
rounded cells. Zoospores of all forms with ulotrichoid chloroplasts appear 
to contain the cup-shaped structure. Another considerable variation from 
flat structure is found commonly in Stigeoclonium and small Ulothrix spp., 
and even in small cells of Chaetophora and perhaps Draparnaldia; this 
might be described as an hour-glass-shaped chloroplast. 

The parietal plate, however, is the common and constant form. In many 
small species of Pseudopleurococcus, Ulothriz, and Stigeoclonium the av- 
erage expression is with one fold, that is, it extends around a little more 
than half of the cells’ circumference, but double folds and flat chloroplasts 
can be found among them. The smallest unbranched filamentous species, 
Ulothrix bacillaris (Naeg.) Forest, a species with filament disintegration 
tendencies, usually has a flat chloroplast, although it may lump somewhat. 
In the other direction of development in the genus, accompanying size in- 
crease is the increase in perimeter coverage of the chloroplast: double folds 
are average for the medium sized species and rings in the largest (Forest 
1954). In Stigeoclonium and Chaetophora double folds and broad diffuse 
rings are found. In Draparnaldia the broad ring becomes perforate and, in 
advanced forms like D. mutabilis f. opposita sometimes laciniate. Figure 
8 illustrates this concept of chloroplast phylogeny. 

Gelatinization. Gelatinization, like chloroplast form and _ branching 
habit, tends to be variable at the lower level of development and become 
fixed as a constant character later. Gelatinization is of variable extent in 
the species of Stigeoclonium, and in indefinitely branched and unbranched 
forms, except in Geminella. Not only are there no sharp lines of distinction 
in the amount developed and retained by different species and genera, but 
development within wide and ill-defined limits is effected by environmental 
changes. Only in Chaetophora and Draparnaldia, most advanced of the 
branched genera, is gelatinization constant enough to have been considered 
of diagnostic value at the genus level. The primitive expressions of Drapar- 
naldia show the lightest gelatinization, while advanced forms are covered 
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with a persistent watery jeliy. The gelatinization of Chaetophora is tougher, 
so that the filaments are held more or less in place, and a distinct colony 
shape is established in the globose species. Unbranched Geminella appears 
to be a derivative of Ulothrix in which a firm gelatinous sheath has become 
established, and the filaments tend to disassociate within it. 

Other characters. Setae. The development of setae has not received 
as much attention as it deserves in this study, and only passing word can 
be given to it. Setae appear to have originated from an evolutionary tend- 
ency toward the attenuation of one or more cells, and in Stigeoclonium the 
line between attenuated cells and setae is often impossible to draw. While 


only the branched isogamous filaments exhibit the structure, there are at- 
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Fig. 9. Relationship patterns of Vischer (left) and that suggested by this study (right). 


tenuate ultimate cells in some unbranched species, as Ulothrix subtilissima 
Rab., U. tenerrima Kiitz., and the several forms described under the genus 
Uronema. Such setae rarely, if ever, develop characteristically over the 
full range of conditions under which the plant will develop. However, 
these setae should be distinguished from those of Aphanochaete, which are 
considerably evolved structures not at all like those of Stigeoclonium, 
Draparnaldia, or Chaetophora. 

Size. Pleurastrum, which exhibits the slightest sort of filamentous tend- 
ency, has a diameter of 5—7y. The least evolved filamentous forms in respect 
to filament organization and chloroplast structure are about the same size 
(Ulothrix subtilis, Stigeoclonium spp., and Caespitella Pascheri). In the 
larger Ulothriz are the more evolved chloroplasts, the ring type being pres- 
ent only in the largest. Branching types and filament differentiation appear 
in Stigeoclonium species which are greater than 10y in diameter, and a 
culmination of the tendencies is found in the very large sized plants of 
Draparnaldia. Ulothrix bacillaris may be a reduced form in respect to size. 
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Reproduction. As a character common to the confervaceous sequence, 
isogamy is second only to the ulotrichoid chloroplast. Anisogamy has been 
reported only in the careful study of Jasnitsky (1934) on Siberian speci- 
mens of Draparnaldia. 

The oogamous green algae with a ulotrichoid chloroplast have received 
no attention in this study, but it seems worth noting that the partly ooga- 
mous Coleochaetaceae, which also bear highly derived types of setae, seem 
rather far removed from the plants considered here. The predominance of 
stratoid or polster-like plant bodies in the family indicated that its remote 
connection is through the vaguely branched forms. 

Most of the isogamous filamentous green algae reproduce asexually by 
motile zoospores, although akinetes are also found in Draparnaldia and 
Ulothriz. In Ulothriz a loss of reproduction by motile cells may be observed. 
Reproduction by akinetes is the usual case in U. subtilis and probably U. 
flaccida Kiitz., and they are apparently the sole means of reproduction in 
U. bacillaris, aside from fragmentation of active vegetative cells. However, 
the Protococcaceae, which reproduce only by vegetative cell division are 
probably remote derivatives of vaguely branched forms, not Ulothriz. 

Another trend, toward the autospores of the Chlorococeales is indicated 
by the non-motile zoospores of Pseudodendrocloniopsis. However, the genus 
should not be considered as directly ancestral to either the Chlorococeales 
or the Ulotrichales, since it seems to have evolved slightly, but independ- 
ently, from a tetrasporine ancestor. 


SUMMARY 


1. Classification of the Chlorophyceae should be undertaken with the 


recognition that there is a closely knit phylogenetic sequence of isogamous 
green algae with ulotrichoid chloroplasts from the most rudimentary to the 
most advanced filamentous forms. No justification is recognized for dividing 
the group at any point into orders, and family boundaries are regarded as 
somewhat artificial conveniences. Even genus and species lines are fre- 
quently indistinct, and traditional categories should be regarded with skep- 


ticism. 

2. The first distinct trend toward the filamentous condition is an elonga- 
tion of one cell axis and cell division perpendicular to that plane. Irregular 
cell division results in irregular branching. Establishment of an axis re- 
stricts side branching, but the line between branched and unbranched 
genera is not a sharp one. Various plant forms are also distinguished be- 
cause of the origin of opposite, unilateral, and dichotomous branching. The 
differentiation between relatively unbranched main filaments and smaller 
side systems has resulted in the plant form of Draparnaldia. 

3. The forms which show any filamentous trend could well go into a 





nce, 
een 
eci- 


ved 
wa- 
eem 
e of 


note 


- by 
and 
ved. 
y Uz 
n in 
ver, 
are 


ated 
enus 
zales 
end- 


| the 
nous 
» the 
ding 
ad as 

fre- 
skep- 


ynga- 
rular 
is re- 
iched 
d be- 
. The 


ialler 


nto a 


1956] FOREST: CLASSIFICATION OF THE CHLOROPHYCEAE 149 


single family, but the spherical members of the Chlorosphaeraceae should 
be assigned to a separate family. See figure 9 for comparison with Vischer’s 
system. 

4. The primitive ulotrichoid chloroplast can vary to ecup- or hour glass- 
shaped but, in average development it is a parietal plate covering a little 
over half the cell perimeter. Perimeter coverage increases along with plant 
size to the rings of large Ulothriz and the laciniate cylinders of Draparnal- 
dia. 

5. Gelatinization becomes a firm character only in the advanced genera 
Geminella, Chaetophora, and Draparnaldia. 

6. While the branch or cell derived type of setae are present only in 
branched forms, their development is greatly influenced by environmental 
conditions, and they should be considered of little critical value. 

7. The Coleochaete and Protococcaceae are remotely derived from the 
sequence discussed here. The Chlorococcales may have been derived from a 
tetrasporaceous plant similar to Pseudodendrocloniopsis. 

8. The genus Stigeoclonium is the main trunk of the confervaceous 
system. Its variation is so extensive that the genus needs a complete taxo- 
nomic reassessment. Traditional species, drawn on the basis of opposite- 
alternate branching and the development of setae seem to have little corre- 
spondence to the plants. 

9. A closely related phylogenetic sequence is postulated in the ulotrichoid 
Chlorophyceae, from indefinitely branched to unbranched and differentially 
branched forms. In this sequence the development of some structural 
characters can be followed easily and virtually without gaps, and many 
characters which have been used to differentiate categories appear not to 
be constant. Hence, the genera of indefinite branching (the Leptosireae 
and others), Ulotrichaceae, and Chaetophoraceae should be assigned to a 
single family. The classification of the entire group is in need of careful 


study, the traditional concept of Stigeoclonium and its species being 
especially inadequate. hie 
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A COMMENT ON THE GENERIC NAMES LYSICHITON AND 
LYSICHITUM 


HarRoLp St. JOHN AND Eric HuLTEN 


In a recent note Huttleston (1955) discussed the two generic names 
Lysichiton and Lysichitum, both published by Schott for his new monotypic 
genus of Araceae containing only L. camtschatcense, the Asiatic “skunk 
cabbage’’. The two generic names are both synonyms and orthographic 
variants under the International Code (1952: Art. 82). Huttleston reviews 
Schott’s various publications on the genus and states that Schott in both 
the original publication in 1857 and his second in 1858 used both spellings 
of the generic name. But that in his next two publications in 1860 and 1864, 
he used only the spelling Lysichiton. We have now verified these publications 
by Schott and find Huttleston’s summary of them full and correct. We have 
found no other pertinent publications by Schott. 

Huttleston applies the last International Code to the case. He disagrees 
with the choice by Hultén and St. John (1931) of the name Lysichitum and 
on two counts prefers the name Lysichiton. It seems, however, that his 
application of the code needs discussion. The two provisions that he applies 
are in Article 83 which makes special regulations concerning generic names 
spelled differently by Linnaeus in his Species Plantarum of 1753 and his 
Genera Plantarum edition 5 of 1754. Its paragraph (2) reads: ‘‘If Linnaeus 
did not do so [subsequently and consistently adopt one spelling], then the 
spelling which is more correct philologically is accepted, e.g. Agrostemma 
(not Agrostema).’’ Huttleston asserts, ‘‘Since Lysichiton is a Greek word and 
‘on’ the Greek ending, this would be the more correct spelling.’’ In his second 
paper Schott (1858: 91) gave the, derivation of his new generic name as 
follows ‘‘Nomen ex Axo dissolutio ex %eréy tunica compositum. . . .’’ So, 
neither Lysichitum nor Lysichiton is a Greek word. Rather, both are generic 
names, modern compounds, made from two Greek words. Recommendations 
82H and 83A give counsel to future authors as to good practice in generic 
name formation, but these are not binding or retroactive. Nowhere in the 
code is there any article requiring generic names that are compounded from 
two or more Greek words to have a Greek ending. The practice for centuries 
has been to allow the author publishing a new name of this kind either to 
retain the Greek spelling and ending or to alter the Greek word or stem 
and Latinize it by changing the last syllable to a Latin case ending. Names 
coined by either method or by any method are under the code correct. 
Hymenocarpus is an illustration of the second type, a name coined from 
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Greek words, the final one, xapros, being Latinized and altered to carpus. 
This name is cited as an example in the code in Rec. 83A (2) and at that place 
are given seven possible endings for carpos. Consequently, we find that 
neither Lysichiton with its Greek ending nor Lysichitum with its Latin 
ending is more correct philologically. Both, in their derivation and form, 
are acceptable names. 

Huttleston’s other legal argument is as follows: ‘‘Though Article 83 of 
the International Rules of Botanical Nomenclature, 1952 edition, mentions 
only Linnaeus, the rule would seem to apply in this ease.’’ He refers to 
Art. 83(1) which reads: ‘‘ If Linnaeus subsequently to 1753-54 consistently 
adopted one of the spellings, that spelling is accepted, e.g. Thuja (not 
Thuya).’’ Consultation with the code (and the 1952 issue is entitled Code, 
not Rules) will reveal that Art. 83 is special legislation limited to the 
interpretation of the genera published by Linnaeus in his Species Plantarum 
of 1753 and his Genera Plantarum of 1754. Huttleston’s application of 
this article cannot be justified. The wording of the article is clear, 
precise, and definite. It applies only to genera published in certain works 
by Linnaeus. It does not apply to genera published by Schott in other works. 

Another rule in the code does fully apply to the case. Art. 30, dealing 
with the nature of a generic name, provides: ‘‘It may be taken from any 
source whatever, and may even be composed in an absolutely arbitrary 
manner.’’ Under this article, Schott had every right to coin a new generic 
name by compounding two Greek words and then altering the final Greek 
word by substituting a Latin ending. 

The only legal basis for a choice between Lysichiton and Lysichitum 
is found in Art. 82 and its Note 3. This authorizes the correcting of names 
and epithets, but restricts this practice within very narrow limits. It states: 
‘‘The liberty of correcting a name must be used with reserve, especially 
if the change affects the first syllable, and above all the first letter of the 
name.’’ If any later author may, under Art. 82 Note 3, correct a name or 
epithet published by a previous author, then the original author himself 
has the same right to correct any of his previously published botanical 
names. Surely he has an even greater right to make corrections, for who 
but the original author himself knows surely what is a typographical error 
and what he intended to publish? Since Schott in the last two of his four 
publications about Lysichiton chose and used consistently the -on rather 
than the -wm ending, that choice should be accepted as his final one or 
correction and the one valid under Art. 82 Note 3. Consequently we also 
now find the correct spelling of the generic name to be Lysichiton. 
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A CONTRIBUTION TO THE EMBRYOLOGY OF 
STRIGA OROBANCHOIDES BENTH. AND 
STRIGA EUPHRASIOIDES BENTH. 


B. Traai 


Striga orobanchoides is a total parasite on the roots of Huphorbia 
nivulia and Lepidagathis Hamiltoniana. It flowers during rains in Ajmer. 
The parasite on the former host is much larger and rough textured than 
on the latter. At the point of connection with the host the parasite is 
tuberous and from it emerge the branched and often deformed, sometimes 
flattened pinkish flowering scapes. The scape is covered with rough and 
sparse scales below and bears bracteate, sessile, pinkish flowers in a race- 
mose manner in the upper region. In contrast to the above, Striga euphrasi- 
oides is green and usually independent of any host. Its tap root is black 
and not tuberous. It is an annual, branched and scabrous herb which is 
found in fields and waste places, flowering during rains. The sessile, green, 
ribbon-like leaves appear simply as over developed scales. 

Material was preserved in formalin-acetic-aleohol and embedded in 
paraffin. Sections were cut at various thicknesses and stained in safranin- 
fast green and erystal violet-erythrosin. 

Scrophulariaceae to which the genus Striga belongs is a fairly well 
studied family. Barnes (1936) commented on the Indian species of Striga 
and Srinivasan (1947) recorded some new hosts. Saunders (1933) studied 
S. lutea as a parasite of flowering plants. Kumer (1939, 1940) studied 
species of Striga parasitic on economic crops and gave an account of Striga 
densiflora on Pennisetum typhoideum. Stephens (1912a and b) studied the 
anatomy of S. lutea and Mitchell (1915) described the embryo sae and 
embryo in this species. Srinivasan (1946) contributed to the morphology 
and cytology of S. ewphrasioides and Kumar and Abraham (1941) studied 
the cytology of Striga. Andrews (1945, 1946 and 1947) and Vallance (1950 
and 1951) studied the parasitism of Striga species on crop plants under 
various environmental conditions and agricultural practices. Solomon 
(1952a and b) studied the physiology of Striga on sorghum. Brown and 
Edwards (1946) studied the germination of Striga lutea and Uttaman 
(1950a and b) studied the germination of Striga seed and the mechanism 
and nature of parasitism of Striga lutea on rice and also calculated the 
amount of injury (loss) sustained by rice plants due to parasitism by 
S. lutea. Kumar and Solomon (1940) determined the influence of light on 
the germination of species of Striga. Deodiker (1951) found a species of 
sorghum which is highly resistant to Striga and Wild (1948) suggested 
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the control of S. gesnerioides on tobacco in Rhodesia by leguminous trap 
crops. 

It can be seen from this account that there are not many studies on the 
embryology of the genus Striga. Most of the investigators have devoted 
themselves to the recording of host plants for Striga, germination, parasit- 
ism, and physiology of the parasite. An attempt therefore, has been made 
in the following pages to present a detailed account of the embryology of 
two species of Striga. 
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Fics. 1-16. Striga euphrasioides, microsporogenesis and male gametophyte. Fia. 1. 
Anther-lobe, showing sporogenous cells and parietal layers. Fic. 2. Part of the anther 
lobe, microspore mother cells, tapetum, middle layer, endothecium and epidermis. Fria. 3. 
Two tapetal cells showing fusion of their nuclei. Fig. 4. A tapetal cell showing a 
trilobed and fused nucleus. Fig. 5-8. Meiotie divisions 1 and 11 in the microspore 
mother cells. Fie. 9. An isobilateral tetrad of microspore nuclei. Fig. 10. Decussate 
tetrad. Fig. 11. A tetrad of microspores. Fic. 12. Microspore. Fie. 13. Tricolpate 
uninueleate pollen grain. Fig. 14. Two celled pollen grain. Fie. 15. The same, mature. 
Fie. 16. Anther wall, thickenings in endothecium. 


Microsporogenesis and the male gametophyte. The young anther con- 
sists of homogenous cells and is triangular in cross section, but it becomes 
two lobed on one side. The archesporium is hypodermal and forms two 
are-shaped plates, one in each lobe. It cuts off the primary parietal layer 
which further divides to produce the endothecium and one inner layer 
that in turn divides to give rise to a middle layer and a layer of tapetum 
adjacent to the sporogenous tissue (fig. 1). The sporogenous cells divide 
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and form one or at places two layered tissue of the microspore mother cells 
(fig. 2). The sequence of the layers in the anther is accordingly as follows— 
epidermis, endothecium, one middle layer, tapetum, microspore mother 
cells and again tapetum. The sporogenous tissue becomes prominent after 
the wall layers have been completely differentiated. In the mature anther 
the walls of the endothecium develop characteristic thickenings (fig. 16), 
A few cases have been observed where the endothecium did not develop 
fibrous thickenings, although the pollen grains were mature. The cells of 
the tapetum are radially elongated especially the few towards the con- 
nective. At places the tapetum is more than one layered (fig. 2). The 
tapetal cells have dense cytoplasm and prominent nuclei. They become 
bi-nucleate and vacuolate when the microspore mother cells have fully 
formed. Further mitotic divisions result in many nuclei in each tapetal 
cell and these show fusions resulting in lobed nuclei (figs. 3 and 4). When 
the microspores have been formed the tapetal protoplasts show a frothy 
appearance. As the pollen grains mature the tapetum disintegrates but no 
oily droplet-like bodies are left behind. 

During meiosis the protoplasts of the microspore mother cells round up 
while the original wall of the microspore mother cell remains intact and a 
special mucilaginous wall is secreted within the original wall. This is 
supposed to arise partly by a secretion from the protoplast and partly by 
a swelling of the secondary lamellae of the original wall. The division of 
the microspore mother cell is of simultaneous type (figs. 5-9). Secondary 
spindles appear between the four daughter nuclei. The microspores show 
a tetrahedral arrangement (fig. 11). Isobilateral (fig. 9) and decussate 
(fig. 10) arrangements are seen rather rarely. Cytokinesis takes place by 
centripetal furrowing. Four equidistant wedges grow from the special 
wall which meet in the centre, separating the four microspores. As the 
microspores enlarge the mucilage is gradually dissolved away and they 
are liberated by the breaking down of the original wall of the mother cell. 

Developmental stages right from the mother cells to the pollen tetrads, 
may be found in the same bud but in different anthers. The two locus of 
an anther may show different but not widely separated stages. It is 
usually the smaller loculus which shows the earlier stages. Again, prophase 
to dyad cells may be found in the same loculus as traced from the base of 
the anther to its apex. 

The young microspore has a smooth exine and shows three germinal 
furrows (figs. 12 and 13). As it enlarges a large vacuole appears in the 
cytoplasm which pushes the centrally placed nucleus near its wall (fig. 13). 
Here it divides to form a small generative and a large vegetative cell, each 
enveloped in its protoplasm (fig. 14). At maturity the vacuole disappears 
and the generative cell assumes a more central position. The mature pollen 
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grains are fully distended with a thick golden exine and three germinal 
furrows (fig. 15). 

Ovule. The unitegmic ovules are tenuinucellate and arise as blunt 
protuberances on the swollen axile placenta at the time when the anther 
contains microspore mother cells. At first they are swollen, rounded and 
erect growths which make the surface of the placenta uneven and wavy. 
Gradually as the mother cell differentiates and the embryo sae develops, 
they become inverted (figs. 17, 30 and 35). The integument consists of a 
few layers of cells. The single layered nucellar epidermis is quite prominent 
on the megaspore mother cell but degenerates rather early, often during 
megasporogenesis. Its remnants may be recognised at the base of the mature 
embryo sac. During the development of the megaspore mother cell the 
integument is at a lower level than the nucellus but it soon grows and 
encloses a space which accomodates the enlarging and developing embryo 
sac (figs. 17 and 30). This type of behaviour of the integument has been 
noted by Kadry (1953) in Cistanche tinctoria. 

Mitchell (1915) found that in some cases the funiculus branches and 
bears two ovules. This has not been observed in the species of Striga de- 
scribed herein. 

As the nucellus disintegrates the innermost layer of the integument 
which is in contact with the middle portion of the embryo sae becomes 
glandular and tapetum-like. In earlier stages, during the formation of the 
embryo sac, it is not well developed but reaches its optimum development 
when the embryo sac matures (figs. 35 and 36). Its cells are uni-nucleate 
and have prominent nuclei and dense protoplasm. Its activity, however, 
declines afterwards. During the development of the endosperm they become 
vacuolated and exhausted. In the seed this endothelium which has so far 
served the nutritive role in the nutrition of the embryo sac takes to a 
protective function and forms a hard cutinised investment around the 
endosperm. Mitchell (1915) observed no tapetal layer round the embryo 
sac. Srinivasan (1946) while quoting Mitchell (1915) remarked that 
‘Mitchell’s observations of the non-occurrence of tapetum in a closely re- 
lated species is interesting. Whether a fairly important character such as 
this is likely to differ even within a genus, can be determined only by 
investigating the other species of Striga’. I suspect, however, that the 
endothelium was probably overlooked by Mitchell (1915). 

As the nucellus disintegrates rather early, the integument is liable to 
be mistaken for the nucellus (Juliano 1935, MacPherson 1921). 

Megasporogenesis and the development of the embryo sac. There are 
often two identically looking, hypodermal archesporial cells but it is almost 
always one that survives and functions directly as the megaspore mother 
cell (fig. 18). The first division results in the formation of two dyad cells 
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(figs. 19 and 20) which divide simultaneously to produce a linear tetrad 
of megaspores (figs. 21-27). It is usually the chalazal megaspore which 
functions and develops further. However, many variations in the formation 
and further behaviour of the megaspores have been observed. The micro- 
pylar and chalazal megaspores may be almost equally developed while the 
middle two have degenerated (fig. 24). In the second case, only two miero- 
pylars have disintegrated (fig. 25). In the third case the micropylar one 
has disintegrated, the second has developed into a two-nucleate embryo 
sac, the third is in the healthy uni-nucleate condition and the fourth ap- 
pears to be on its way to disintegrate (fig. 28). In the fourth case there is 
one chalazel mass of degenerated megaspores, beneath which there is a uni- 
nucleate and a two-nucleate embryo sac (fig. 29). Sometimes the megaspores 
are separated by very oblique walls (figs. 26 and 27). 

The functioning megaspore or the embryo sac mother cell, by three 
further divisions forms an eight nucleate ‘Polygonum’ type of embryo 
sac (Maheshwari, 1950) (figs. 30-36). The pyriform synergids show promi- 
nent hooks and basal vacuoles and the egg protrudes just below them. 
Srinivasan (1946) reported that the egg cell in Striga euphrasiides is 
not longer than the synergids and does not protrude beyond the region of 
the synergids. My figures 35 and 36 refer to the mature embryo sac of 
the same species and show the egg cell protruding below the synergids. 
Polars fuse near the egg and the secondary nucleus comes to lie in its 
rather close contact. The antipodals are the first to differentiate and take 
shape (fig. 33) and are also ephemeral. Their remains are not recognizable 
during the endosperm development. A case has been noted in which the 
antipodals resemble the egg apparatus (fig. 34). 

Mitchell (1915) recorded a case of an ovule with two embryo saes, one 
two-nucleate and the other eight-nucleate in which six nuclei were close 
together at one pole and two at the other pole of the sac. This ovule, in 
her view arose by fusion of two ovules. In Striga species ovules are cer- 
tainly very crowded on the swollen placenta and commonly come in close 
contact. An organic fusion between ovules forming two embryo saes has 
not been observed by me. 





Fies. 17-36. Megasporogenesis and megagametogenesis. Figs. 17-34. Striga 
orobanchoides and Figs. 35, 36. 8S. euphrasioides. Fic. 17. Ovule, megaspore mother 
cell. Fig. 18. Megaspore mother cell. Fic. 19. The same, dividing. Fie. 20, Dyad cells. 
Fie. 21. The same, dividing. Fic. 22. Tetrad of megaspores. Fic. 23. Functioning 
megaspore. Fig. 24. Tetrad, two middle megaspores degenerating. Fig. 25. Tetrad, two 
micropylar megaspores degenerating. Fies. 26, 27. Tetrads with oblique walls. Fie. 28. 
Tetrad, one megaspore has developed into two-nucleate embryo sac. Fic. 29. An uni- 
nucleate and a two-nucleate embryo sac. Fic. 30. Ovule, two-nucleate embryo sac, note 
the space enclosed in the integument above the embryo sac. FiG. 31. Two-nucleate 
embryo sac. Fig. 32. Four-nucleate embryo sac. Fic. 33. Eight-nucleate embryo sae, 
the antipodals have taken shape. Fic. 34. An inverted embryo sac, ‘reversed polarity’. 
Fig. 35. Ovule, embryo sac. Fig. 36. The same, magnified. 
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Fics. 37-53. Striga orobanchoides, Endosperm. Fic. 37. Upper part of the embryo 
sac showing intact pollen tube with two elongated bodies. Fie. 38. The same, a ‘nuclear’ 
body close to the egg nucleus. Fic. 39. Egg showing two nucleoli. Fic. 40, Embryo 
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Pollination and fertilization. Since the flowers are protandrous, cross 
pollination by insects seems to be the rule. The bilabiate corolla also in- 
dicates insect pollination. The pollen tube usually destroys one synergid. 
Sometimes it appears that the pollen tube has destroyed the whole of the 
egg apparatus since it occupies its position. There are densely staining 
X-bodies left by the pollen tube in the region of the egg. In certain cases 
two prominent elongated bodies may be seen in the unruptured pollen 
tube (fig. 37). Sometimes a nucleus-like body is seen in the vicinity of the 
egg nucleus (fig. 38) and often the egg nucleus becomes two nucleolate 
(fig. 39). Probably this indicates fertilization, which is confused and 
masked by the X-bodies. The pollen tube persists and is found in an ap- 
parently inactive state in the seed. Probably syngamy and triple fusion 
occur simultaneously. 

Endosperm. The endosperm is cellular and develops according to the 
Brunella type (Schnarf 1929). After fertilization the embryo sac shows a 
further increase in size. The primary endosperm nucleus divides in the 
middle of the embryo sae to form an active strongly protoplasmic micropy- 
lar chamber and a weak, vacuolated chalazal chamber (figs. 40-42). Further 
divisions take place in the micropylar chamber cutting off an aggressive 
micropylar haustorium from the main body of the endosperm. In the 
chalazal chamber there is no cell division but the nucleus divides once to 
give rise to a pair of overlapping or closely packed nuclei (figs. 44 and 45). 
The first division in the micropylar chamber is longitudinal (figs. 43 and 44) 
and produces two elongated cells while the second division is transverse 
and results in two tiers of two cells each (figs. 46 and 47). Of these the 
upper gives rise to the micropylar haustorium and the lower forms the 
endosperm proper. It appears that Mitchell (1915) has not correctly fol- 
lowed the sequence of divisions in the endosperm as she writes ‘‘the nucleus 
of the micropylar chamber divides three or four times, each division being 
accompanied by a wall transverse to the long axis of the sac’’. 

The micropylar haustorial cells, two in number, each becomes binu- 
cleate, sometimes precociously, flowing out into the integument of the young 


sac, showing fertilised egg and the primary endosperm nucleus. Fie. 41, Same, the 
first division of the endosperm nucleus. Fic. 42. Same, showing micropylar and the 
chalazal chambers. Fic. 43. Same, first division in the micropylar chamber. Fic. 44. 
Same, micropylar chamber, vertically divided and the nucleus of the chalazal chamber 
dividing. Fig. 45. Same, chalazal chamber two-nucleate. Fic. 46. Same, the second 
division in the micropylar chamber. Fic. 47. Same, showing initials of the micropylar 
haustorium, endosperm proper and the two-nucleate chalazal haustorium. Fie. 48. The 
micropylar haustorial initial cells have become bi-nucleate. Fic. 49. Micropylar haus- 
torial cells tending to flow out, nuclei in the process of division. Fig. 50. Ovule, the 
two-nucleate micropylar haustorial cells flowing in the integument. Fic. 51. The same, 
magnified. Fic. 52. Embryo sae eaten up by the pollen tube. Fie. 53. Embryo sae, 
the apex of the micropylar chamber broadened to the level of the micropyle. 
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and developing seed, although the egg has not yet divided (figs. 48-51). 
These cells show vigorous growth and in both species of Striga become 
binucleate and vacuolated and give out fungal hyphal-like branched 
processes which ramify intercellularly in the integument (figs. 88 and 89). 
The nuclei may transport themselves with the growing branches of the 
haustorial cells. Nuclei of these cells later become hypertrophied. This 
system of branches efficiently draws nourishment from the integument. 
Srinivasan (1946) incorrectly reports that ‘‘the micropylar haustorium 
is not very aggressive, the cells become binucleate and later by the fusion 
of these nuclei we get two uni-nucleate cells’’. Mitchell (1915) is also in- 
accurate in stating that ‘‘the micropylar haustorium is inconspicuous, 
simply consisting of a few ordinary endosperm cells with fairly dense 
contents’’. 

The pair of cells which gives rise to the storage endosperm undergo 
repeated irregular divisions to form a large spindle shaped to oval mass of 
vacuolated endosperm cells which are difficult to distinguish from the in- 
tegumentary cells, at an early stage. These cells become packed with starch 
and surround the embryo. At maturity the vacuoles disappear, the cyto- 
plasm becomes homogeneous and the nuclei disintegrate forming densely 
staining masses. The uppermost cells of the endosperm lying just below 
the micropylar haustorium behave differently and form two linear plates 
of a few cells each that are longer than broad and lie parallel to one another. 
This part of the endosperm is referred to as the ‘isthmus’ or the sterile 
micropylar part of the endosperm (figs. 88 and 89). It connects the micro- 
pylar haustorium to the storage endosperm and is easily recognised in the 
seed. ‘Isthmus’ cells do not serve for storage but fulfill a conducting fune- 
tion and eventually perish. 

The chalazal haustorium is more developed and J-shaped in Striga 
euphrasioides (fig. 90). During the development of the seed the chalazal 
haustorium is squeezed to a narrow canal (fig. 91). The densely staining 
and somewhat elongated cells of the endosperm lying just above the 





Quadrant stage, a suspensor cell dividing. Fic. 59. Quadrant stage, suspensor curved 
and three-celled. Fie. 60. Quadrant, suspensor four-celled. Fie. 61. Abnormal octant, 
two cells of the quadrant belated in division. Fie. 62. Abnormal octant, one cell of the 
quadrant undivided, the other dividing. Fic. 63. Octant, three-celled suspensor. Fig. 64. 
Abnormal octant, suspensor four-celled. Fic. 65. Octant, suspensor three-celled, one 
eell dividing. Fic. 66. Octant, four-celled suspensor. Fic. 67. Octant, dermatogen 
differentiating. Fics. 68-71. Differentiation of dermatogen, periblem and plerome, 
hypophysis contributes to the embryo. Fig. 72. T-shaped proembryo, Fig. 73. Quadrant, 
Suspensor two-celled. Fic. 74. Abnormal octant. Fic. 75. Abnormal proembryo, a 
terminal cell divided transversely. Fieé. 76. Octant, two nuclei belated in division. 
Fig. 77. Octant, suspensor four-celled. Fieas. 78-81. Formation of the dermatogen, 
hypophysis cell dividing in figure 80, note very long and degenerating cells of the sus- 
pensor in figure 81. Fics. 82-87. Differentiation of the dermatogen, periblem and 
plerome, hypophysis cell contributing to the embryo. 
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chalazal haustorium show a vertical and divergent disposition. Srinivasan 
(1946) thinks that ‘this densely staining group of cells at the chalazal 
end probably takes over the function of the chalazal haustorium during 
the later stages when the haustoria have ceased to exist’. Mitchell (1915) 
ascribes a conducting role to these ‘endosperm cells at the base of the origi- 
nal micropylar chamber’ and I am in agreement with her view. I believe 
that these endosperm cells at the chalazal end, although not as developed 
as the micropylar ‘isthmus’ of the endosperm cells, function exactly like 
them and pass the food material from the chalazal haustorium to the 
endosperm proper. As in the case of the ‘isthmus’ they are simply con- 
ductive in function and do not store the food material themselves. Both 
the sterile micropylar and chalazal parts of the endosperm, although they 
persist for some time, ultimately degenerate. 

A case has been observed in which the whole of the cavity of the 
embryo sac is devoid of endosperm nuclei; it is full of remnants of pollen 
tube and wall material. Probably the contents of the embryo sae have 
been devoured by the pollen tube (fig. 52). Another case shows the two 
chambered stage of the sac which has broadened the micropyle in an 
attempt to come out of it (fig. 53). 

Embryogeny. The zygote elongates considerably prior to division. It 
divides by a transverse wall into a terminal and a basal cell (fig. 54). 
The basal cell divides transversely (figs. 55 and 56) and the terminal 
cell vertically to give rise to a T-shaped proembryo (figs. 57 and 72). 
Hence the development of the embryo is of the Crucifer (Maheshwari 
1950) or Onagrad type (Johansen 1950). The two terminal cells again 
divide vertically at right angles to the first vertical division resulting in a 
quadrant (figs. 58-60 and 73) and one of the basal cells divides trans- 
versely to give rise to a suspensor of three cells (figs. 58 and 59). The 
suspensor is a highly elongated structure (fig. 81) which thrusts the 
embryo right in the endosperm proper, much below the ‘isthmus’. Some- 
times, due to the irregular disposition of the endosperm cells it has to 
wind its way in between them, thus becoming curved (fig. 59). A case 
has been observed in which the first vertical division in the terminal cell 





Figs. 88-101. The haustoria, seed and fruit: Fes. 89, 90, 94, 95, 97, 99, and 101. 
Striga euphrasioides; Figs. 88, 91, 92, 93, 96, 98 and 100. Striga orobanchoides. 
Fic. 88, 89. Vertical section, upper part of the seed showing persistent pollen tube, 
micropylar haustorium, embryo and endosperm. Fic. 90. Curved chalazal two-nucleate 
haustorium. Fic. 91, Chalazal haustorium, collapsed. Figs. 92, 93. Cross section, part 
of the ovary wall, thickenings in figure 93. Figs. 94, 95. The same, thickenings in 
figure 95. Fic. 96. Cross section of the seed showing embryo, endosperm and seed coat. 
Figs. 97, 98. Vertical section of seeds showing embryo, endosperm and seed coat, de- 
generated micropylar and chalazal haustoria and the persistent pollen tube. Figs. 99, 100. 
A few cells of testa in surface view, showing thickenings. Fic. 101. Cross section of the 
fruit showing dehiseence through the dorsal bundle. 
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was followed by a transverse wall in one of the cells and not by a vertical 
division at right angles to the first, thus not developing immediately into 
a quadrant (fig. 75). The quadrant passes into octant by transverse 
divisions in its four parts (figs. 63, 65 and 77). The suspensor at this 
stage is usually four celled (figs. 65 and 66) as the other suspensor cell 
has also divided. In the formation of the octant, from the quadrant, some 
of the nuclei lag behind in their division thus giving rise to abnormal 
octants with cells less than eight in number (figs. 61, 62, 64, 74, and 76). 
Such cases may eventually become eight celled (figs. 61 and 76). Next the 
dermatogen is separated by periclinal walls (figs. 67, 68, 78-81) and fur- 
ther the periblem and plerome are differentiated internally (figs. 69-71, 
82 and 83). The cells of the suspensor except the one in contact with the 
embryo proper collapse and degenerate (fig. 81). This cell of the suspensor 
which is near the embryo may be designated as ‘hypophysis’; it contributes 
to the embryo (figs. 84-87). It divides transversely into cells and the one 
near the embryo again divides transversely and longitudinally resulting 
in quadrant and octant-like stages and adds to the embryo along with 
the outer daughter cell. 

Mitchell (1915) records that ‘‘the basal cell of the suspensor forms 
tuberous haustoria’’. This observation of Mitchell is probably incorrect. 
She further writes that ‘‘the cell of the suspensor nearest the micropyle 
increase in length far more rapidly than the others and crush all the 
endosperm cells at the apex thus coming to lie in contact with the integu- 
ment’’. Her figure 23 which represents this shows that she has mistaken 
the micropylar haustorial cell, as seen in side view, lying over the suspen- 
sor, for a cell of the suspensor. 

The seed and fruit. A longitudinal section of the mature seed (figs. 
97 and 98) shows that the embryo has rather undeveloped cotyledons. It 
is cylindrical in structure with two cotyledons at its apex. The cotyledons 
are much smaller in comparison to the hypocotyl. The embryo is surrounded 
on all sides by endosperm which in its immediate vicinity is in a disinte- 
grated condition. It is bounded externally by a hard cutinised lining. The 
integument becomes the seed coat; its outer layer develops characteristic 
thickenings which make the seed a very hard body. The thickenings on the 
testa of 8S. orobanchoides are laid down uniformly on the radial and inner 
tangential walls (fig. 100) while in S. euphrasioides in addition to such 
thickenings the inner tangential walls are provided with thickenings in 
the form of pittings (fig. 99). The middle layers of the integument except 
towards the poles of the seed, disintegrate somewhat. The innermost tan- 
gential walls of the integument also develop cutinised thickenings and 
abut on the outer thickened wall of the endosperm. The embryo and the 
endosperm, therefore, are protected by three hard coatings—the thickenings 
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in the outer layer of testa, the thickenings in the inner layer of the testa 
and cuticle on the endosperm (fig. 96). The seed shows the degenerating 
haustoria, ‘isthmus’ and the pollen tube. 

The pericarp at first consists of homogeneous cells (figs. 92 and 94) but 
later develops strongly thickened walls in the innermost but the last layer 
of the pericarp (figs. 93 and 95). The epidermis also secretes a thick 
cuticle. These thickenings of the pericarp do not develop in the region 
of the dorsal bundle which marks a weak line for dehiscence (fig. 101). 
The fruit dehisces antero-posteriorly. 

Discussion. Boeshore (1920) believes ‘‘that direct and distinct con- 
tinuity can be established from non-parasitic through semi-parasitic 
Serophulariaceae to the most degraded parasites of the family and that 
these again show direct continuity with the still more degraded and con- 
densedly parasitic types of Orobanchaceae’’. The two families according 
to Boeshore make ‘‘a continuous descending series from the highest to the 
most degraded genera’’. On embryological grounds Glisié (1929) also em- 
phasized the affinity between the Scrophulariaceae and Orobanchaceae. In 
his opinion, the resemblance in endosperm development and seed structure 
in these two families is so great that they could be united into one. Cassera 
(1935) also concluded on the same grounds that the Orobanchaceae and 
Scrophulariaceae are closely related. My study of the family Orobanchaceae 
and these two species of Striga has revealed and convinced me that there 
is no embryological feature by which Striga may be separated from the 
Orobanchaceae. Moreover, these two species of Striga are so similar that 
it may be inferred that the parasitic habit has not effected the embryologi- 
eal features in this case. The following summarises the main embryological 
features of the three genera of Orobanchaceae, Cistanche (Tiagi 1952a), 
Orobanche (Tiagi 1951) and Aeginetia (Tiagi 1952b) and Striga of the 
family Scrophulariaceae. The resemblance appears to be so significant that 
a close relationship is strongly indicated. 

All the plants are total root parasites and scapigerous herbs except 
Striga euphrasioides which is green with ribbon-like leaves and is usually 
independent of any host. The inflorescence is a spike except Aeginetia 
indica where the scape is terminally uniflowered. Stamens are didynamous 
and tetralocular, bilocular in Aeginetia and Striga. The tapetum is bi- 
nucleate and glandular. It becomes more than one-layered at places. The 
tapetal nuclei increase in number and show fusions. Division of the micro- 
spore mother cell is of the simultaneous type and quadripartition of the 
microspores take place by furrowing. Tetrahedral, isobilateral and de- 
eussate tetrads occur. The pollen is two-celled and tricolpate. The ovule 
is anatropous, tenuinucellate and unitegmic. The endothelium comes into 
being as the nucellus degenerates. Ovules are borne on parietal placentae, 

















































168 BULLETIN OF THE TORREY BOTANICAL CLUB [VoL 83 


but are arile in Striga. There is a hypodermal archesporium of one or two 
cells; usually one functions directly as the megaspore mother cell. The 
embryo sac is of the ‘Polygonum’ type. Antipodals and synergids degen- 
erate as usual. Fertilization is porogamous. X-bodies are present. Syngamy 
and triple fusion seem to take place simultaneously. The endosperm is 
cellular and of the Brunella type (Schnarf 1929). The micropylar haus- 
torium is two-celled, each cell bi-nucleate. It is aggressive and sends branches 
into the integument. The chalazal haustorium is weak and only two-nucleate. 
In Aeginetia indica, it is uni-nucleate while in Orobanche its two nuelei 
may be separated by a wall and each may again become bi-nucleate. The 
embryo is of the Crucifer type. The suspensor is four-celled. The embryo 
is globose and undifferentiated. In Striga, however, the embryo is cylindri- 
cal and has two cotyledons which are not well developed. Embryos which 
have a uni-celled suspensor occur in Aeginetia. The seeds are minute, endo- 
spermic and show remnants of the pollen tube and haustoria. The testa is 
spirally and reticulately thickened. The fruit dehisces antero-posteriorly. 
In Aeginetia the pericarp simply flakes off to liberate the seeds. 

This study reveals that the chief difference between Scrophulariaceae 
and Orobanchaceae appears to be that of placentation; the placenta being 
axile in the former and parietal in the latter. Boeshore (1920) has shown 
that all transitions between these can be traced from Harveya and Hyo- 
banche to Lathraea clandestina and Christisonia albida ete. 1 hope to shed 
more light on this problem in a further study of the floral anatomy in 
these families. 

SUMMARY 


1. Embryology of the total parasite Striga orobanchoides and a non- 
parasitic Striga euphrasioides has been described. The anther tapetum is 
of the glandular type and shows fusion between its nuclei which become 
lobed. The mode of division of the microspore mother cell is simultaneous 
and quadripartition of the microspores takes place by furrowing. The 
tricolpate pollen grains at the time of shedding are two-celled. 

2. The ovule is unitegmic and tenuinucellate. It becomes inverted during 
its growth. As the ephemeral nucellus disintegrates the endothelium is 
differentiated which encloses and nourishes the embryo sac. The arche- 
sporial cell functions directly as the megaspore mother cell. It divides 
meiotically to give rise to a tetrad of four megaspores. A few variations in 
the formation and behaviour of the megaspores have been described. The 
embryo sac is of the ‘Polygonum’ type. 

3. The endosperm is cellular of the Brunella type (Schnarf, 1929). The 
first division is transverse and divides the embryo sac into a micropylar 
and a chalazal chamber. The nucleus of the latter divides but once to give 
rise to a rather weak two-nucleate chalazal haustorium. The first division 
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in the micropylar chamber is vertical and the second transverse. This 
separates the two micropylar haustorial initials from the initials of the 
endosperm proper. These haustorial cells become binucleate, and invade 
the integument. The initials of the endosperm proper also form two sterile 
pieces of endosperm, one below the micropylar and the other above the 
chalazal haustorium. These conduct food from the haustoria which is stored 
in the main body of the endosperm. 

4. The embryo develops according to the Crucifer type. Seeds are uni- 
tegmic and endospermic. The mature embryo has feebly developed cotyle- 
dons. The seed coat shows characteristic thickenings. Haustoria disintegrate 
in the seed. The pollen tube is persistent in the micropyle. 

5. Embryologically Striga closely resembles, Orobanche, Cistanche and 
Aeginetia. 
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TORREYA 
Bartram Oak in New Brunswick, New Jersey 
JOHN W. ANDRESEN 


A hybrid oak identified as Quercus heterophylla Michx. f., Q. phellos x rubra (USDA, 
1953) was recently discovered growing on one of the College of Agriculture forests in 
New Brunswick. The geographic coordinates of the tree are 74°26’5” W Long, and 
40°28’30” N Lat. 

The tree, which is a large and vigorously growing specimen, has the following 
dimensions: total height, 87 feet; diameter 4% feet above ground level, 38 inches; and 
crown spread, 59 feet (average). The bark of the tree is ashy gray in color and possesses 
an affinity to Q. rubra L, bark. The overall shape and crown of the tree very closely re- 
semble Q. phelios L. The leaves, about 3 inches long and one inch wide, trend towards 
willow oak, but many examples resemble Hollick’s (1888) illustrations found on Plates 
LXXXIV, no. 3 and LXXXV, no. 2 with acorns appearing like the one illustrated in the 
latter drawing. Incidentally the acorn crop of the present hybrid has been very light for 
the past two seasons—not more than 50 acorns per year. MacDougal (1907) has also 
illustrated and photographed the leaves of Q. heterophylla and its progeny. Figure 1, C of 
his paper resembles the leaves of the present tree and three young seedlings of the present 
hybrid growing beneath its crown resemble figures 3—I, II and ITI. 

Several dozen acorns of the New Brunswick hybrid have been planted in anticipation 
of revelation of the parents of the hybrid by segregation of characteristics within the 
progeny if the present hybrid is a member of the F, population. 

A rather unique soil situation is apparent beneath the hybrid. The transition zone 
of the soils of the Coastal Plain sediments and the Triassic red shales occur in the im- 
mediate vicinity of the tree, in fact the soil type nomenclature hedges and does not give 
the soil in the locality a definitive name but rather describes the soil (formerly known as 
Elkton) as ‘‘poorly drained, associated with the Nixon series’? (Tedrow 1955). Another 
interesting fact about the floristics of the area is that although there are numerous Q. 
rubra present in the existing forest there are no Q. phellos within 10 miles. This, of course, 
does not depict the past forest of 175 years (the approximate age of the hybrid) ago in 
which Q. phellos was probably a member of the community. 

Palmer (1955), noted authority and student of the oak hybrids, kindly confirmed 
identification of the hybrid and wrote ‘‘ Your identification of the tree as Quercus hetero- 
phylla Michx f. in your second letter is correet, in my opinion. For all of the characters 
of the leaves and fruit agree with this. The leaves lean rather to the Q. phellos side in 
outline for in some specimens that I have of this hybrid the leaves—or some of them—are 
considerably more sharply lobed. But variations between the two types are common and 
to be expected in hybrids. The acorns of your specimens are particularly convincing, as 
they show characters of both Q. phellos and Q. rubra.’’ Blackburn (1955) stated that the 
nearest living Q. heterophylla to the hybrid in New Brunswick was growing near the town 
of Mount Holly, New Jersey. A visit to the site by the author in October, 1955, revealed 
the lamentable sight of a fallen forest giant. Mr. Sterling Davis, present owner of the 
property upon which the huge Bartram oak stood revealed that the oak fell during the 
hurricane of November 1950. Mr. Davis also stated that the acorns of the Mount Holly 
Q. heterophylla were extremely small, about the size of a pea. 

The author is in accord with Blackburn’s (1955) statement ‘‘It is diffeult to agree 
with Fernald’s statement that the hybrid is abundant (in Gray’s Manual).” This is in 
reference to Fernald’s (1950) citation ‘‘@Q. phellos L. . . . Hybridizes with no. 11, [Q. 
rubra] producing the frequent x Q. heterophylla Michx. f....’’? Based on Palmer’s (1948) 
list of the described specimens, the downed tree in Mount Holly, Chisman’s (1955) list 
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of oak hybrids of Pennsylvania and the New Brunswick tree it seems to be self evident 
that Q. heterophylla is more a rarity than a cosmopolite. A more intensive research for 
other specimens of Q. heterophylla in New Jersey will be conducted by the author during 
the coming year and a review of the specimens as listed by Palmer as occurring in New 
Jersey will be accomplished to determine their present condition. 

Herbarium specimens of the presently described New Brunswick Q. heterophylla are 
on file with the Morris Arboretum Herbarium, Mr. E. J. Palmer and with the Department 
of Forestry Herbarium of Rutgers University. 

DEPARTMENT OF ForEsTRY, RUTGERS, THE STATE UNIVERSITY OF NEW JERSEY, 
New Brunswick, N. J. 
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Fretp Trip Report 


Oct. 9th, Pelham Bay Park, N. Y. The principal area explored was the rocky out- 
crop in the Eastchester marshland west of the old Bartow station (see previous Torrey 
trip report to Pelham Bay in Bull. Torrey Bot. Club 82: 64, 1955). Of the plants we saw 
along the way to our main objective, the following five suggest brief comments. 
Eupatorium serotinum was found along an abandoned road. It has been seen in several 
places in the Bronx, “somewhat aggressive and weedy”, as described by Fernald. Sanicula 
canadensis, together with S. gregaria and S. marilandica, is a common species in the 
Bronx. It is illustrated in The New Britton and Brown Illustrated Flora (2: 612), but the 
enlarged figure shows bracts immediately subtending the fruit, instead of at the base of 
the short pedicel. We saw a large stand of Aristida oligantha along the roadside in 
Eastchester. The distribution of this species is given in the Flora mentioned above as 
‘*Mass. and N. J.’’ south. The weed has, however, already been collected in New York; 
e.g-, J. Monachino 188 Brooklyn, 1936, and Ferguson 5343, Syosset, Long Island, 1926, 
the latter determined by A. Chase. In answer to an inquiry, J. R. Swallen, in 1954, re 
plied that apparently there is no record of the species from Connecticut and Rhode Island. 
Judging from the weedy clinging habit of A. oligantha, it seems strange that it has not 
been collected in these states (it can be predicted that it will be) as well as in Mas 
sachusetts and New York. Teucrium and Bassia were examined in the salt marsh, I. 
canadense was observed to have the upper side of the leaves closely pubescent with 
erectish, forwardly arching hairs, not truly ‘‘appressed’’ as described in the Manual. 
Fernald wrote that B. hyssopifolia has ‘‘white stems’’ and is found in ‘‘ waste places.”’ 
Actually, the stems become a bright red in autumn, and the plant in New York is often 
found in saline and brackish soil. 

The hillocks in the marsh were once called Paradise Island, or Solidago odora Island 
by the botanically minded. They are dry, rocky, oak-hickory woodlands, and still harbor 
much of the flora they did years ago. The following are some of the plants observed: 
Gaylussacia baccata, Myrica pensylvanica, Rhus copallina, R. glabra, Rosa carolina, 
Salix humilis, Smilax glauca, Andropogon Gerardi, Aralia nudicaulis, Aster macrophyllus, 
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Baptisia tinctoria, Cassia fasciculata, Eragrostis capillaris, Eupatorium sessilifolium, 
Desmodium perplexum, Gerardia flava, Helianthemum canadense, Helianthus divaricatus, 
Lespedeza intermedia, L. hirta, L. virginica, Lysimachia quadrifolia, Panicum Boscii, 
Polygonatum biflorum, Pterdium aquilinum var. latiusculum, Sericocarpus asteroides, 
Smilacina racemosa, Solidago odora, Sorghastrum nutans, Strophostyles helvola, Tri- 
osteum perfoliatum. Attendence 7, Leader, Sophie Monachino 


Book Review 


Practical Horticulture. By James S. Shoemaker and Benjamin J. E. 
Teskey. vi + 374 pages. Figs. 1 to 129 +3 color plates. John Wiley & Sons, 
Ine., New York. 1955. $4.20. 


A general treatment of horticulture out-of-doors, written “primarily for students 
of vocational agriculture” and for amateur gardeners. The horticultural treatment is 
sound, but written for conditions in Canada, so that recommendations on some subjects, 
as insect control, must be modified for local conditions. A list of references is given at 
the end of each chapter. 

Included are detailed cultural recommendations for all sorts of garden flowers, 
house plants, trees and shrubs, hobby plants, vegetables, small fruits and tree fruits. One 
thing the reviewer liked was the placing of dwarf fruit trees in a proper perspective. The 
authors, however, confused the ‘‘art of horticulture’’ with a fine art in which horticulture 
finds a part, namely, landscape art, in a very inadequate treatment. 

By following the advice given, anyone should be able to grow almost any horticultural 
crop. As this gardening reviewer read it, he wished that stable manure was as readily 
available in his locality as it appears to be across the border.—CHarLes H, Connors, 
Rutgers, The State University of New Jersey. 
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au Lae St. Jean. Nat. Canad. 82: 109-144. Je—J] 1955. 
Niel, C. B. van. Classification and taxonomy of the bacteria and bluegreen algae. 
In: A century of progress in the natural sciences 1853-1953. 89-114. 1955. 
Papenfuss, George F. Classification of the algae. In: A century of progress in 
the natural sciences 1853-1953. 115-224. 1955. 


BRYOPHYTES 
(See also under Fungi: Cooke, Culberson) 

Gier, L. J. Physcomitrium collenchymatum. Trans. Kan. Acad. 58: 330-333. 
1955. 
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Groves, J. Walton & Bowerman, Constance A. Sclerotinia borealis in Canada. 
Canad. Jour. Bot. 33: 591-594. pl. 1. N 1955. 
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_ Alexander, Edward J. Gasteria pulchra. Native of South Africa. Addisonia 
55. 237: 15, 16. pl. 752. 6 N 1955. 
3; in Alexander, Edward J. Malvaviscus penduliflorus. Turk’s-cap. Native of south- 
ern Mexico. Addisonia 23*: 11, 12. pl. 750. 6 N 1955. 
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tural | 
, 25: Cooley, George R. The vegetation of Sanibel Island, Lee County, Florida. 


com- 


Rhodora 57: 269-289. pl. 1213-1221. 31 O 1955. 


8. N Davies, P. A. A preliminary list of the vascular plants of Mammoth Cave 
National Park. Castanea 20: 107-127. S 1955. 
et Esson, James G. Centropogon hybridus Lucyanus. Garden origin. Addisonia 


23; 3, 4. pl. 746. 6 N 1955. 

Esson, James G. Phalaenopsis Lueddemanniana ochracea. Addisonia 23°: 13, 
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genus Marah (Cucurbitaceae). Madrofio 13: 113-137. 26 O 1955. 

Swallen, Jason R. Flora of Guatemala. Part II: Grasses of Guatemala. 
Fieldiana Bot. 24*: 1-390. 10 N 1955. 

Teuscher, H. Three forms of Brassia longissima. Am. Orehid Soc. Bull. 24: 
820-824. D 1955. 

Wimber, Donald E. & Hernlund, Kermit. Aneuploid chromosome numbers in 
eymbidiums. Am. Orchid Soe. Bull, 24: 743-745. N 1955. 


ECOLOGY 
(See also under Fungi: Cooke, Culberson) 
Barton, J. D. Some observations on the tree strata of an oak-hickory woods. 
Proc. Ind. Acad. 64: 88-91. 1955. 
Buell, Murray F. & Bormann, F. H. Deciduous forests of Ponemah Point, Red 
Lake Indian Reservation, Minnesota. Ecology 36: 646-658. O 1955. 
Churchill, Ethan D. Phytosociological and environmental characteristics of some 
plant communities in the Umiat region of Alaska. Ecology 36: 606—627. 
O 1955. 

Good, Ronald. Plant geography. Jn: A century of progress in the natural 
sciences 1853-1953. 747-765. 1955. 

Hellmers, H. et al. Root systems of some chaparral plants in southern California. 
Ecology 36: 667-678. O 1955. 

Hulbert, Lloyd C. Ecological studies of Bromus tectorum and other annual 
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(See also under Plant Physiology: Diller et al.) 
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Bates, R. P. & Henson, P. R. Studies of inheritance in Lespedeza cuneata Don. 
Agron. Jour. 47: 503-507. N 1955. 

Dermen, Haig. A homogeneous tetraploid shoot from a 2-2-4 type chimeral 
winesap apple. Jour. Hered, 46: 244. S-O [D] 1955. 
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PHYTOPATHOLOGY 
(See also under Fungi: Groves & Bowerman) 

Allington, W. B. et al. Inhibition by high temperatures of infection by tobacco 
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8 Foster, Virginia. Fusarium wilt of cattleyas. Phytopathology 45: 599-602. 9 
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3 Graham, J. H. A disease of orchardgrass caused by Pleospora phaeocomes. 
Phytopathology 45: 633, 634. 9 N 1955. 
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PLANT PHYSIOLOGY 
Allen, M. B. & Arnon, Daniel L. Studies on nitrogen-fixing blue-green algae. 
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